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THE USE OF WEATHER BUREAU DATA IN 
ECOLOGICAL STUDIES^ 

JOHN N. WOLFE, 

The Ohio State University 


For well over a ('cnlury ecologists and foresters have included in their reports 
of investigations of local areas, summaries of climatic data from nearby weather 
stations. These summaries may reflect the macroclimate of a region, thus serving 
to locate the area in plains, desert, forest or tundra But they do not account 
for the various biotic phenomena described, such as occurrence, growTh, survival, 
succession, reproduction and death of plants and animals. Rarely do the authors 
make any statements conccniing relationships between these factors and the 
biological phenomena observ^ed in th(' field It may be that there are none that 
arc cause and effect relationships 

The meteorological data obtained at Weather Bureau stations form the Viasis 
for generalized concepts of phenomena making up a regional climate. These 
regional climates are clearly recognizable, and in this sense, are comparable to 
th(' generalized soil types sueh as Marbut (15) has recognized in his delineation 
of the major soil types of the United States But the pedologists have gone 
further, mapping local variations in spoils within th^ great divisions. Ohio, for 
example, lies within one of the nine divisions known as the gray-brown podzolic 
soils province. But in Licking County alone, 5(> types and phases are recognized 
and mapped (32). In the more deeply dissected terrain of Adams County, 68 
types and phases are mapped (24). 

Studios of local climatic (lifTerenccs, or microclimatic types, comparable to 
these studios of the pedologists have scarcely been begun by climatologists, 
although the local microclimates are similarly varied and complex. Moreover, 
these local atinosphoric conditions are the climates in which plants actually live. 

Field reports of ecological investigators invariably include analyses of soil 
factors, most of which have beeti directly measured in the problem area. But 
oddly enough, local climatic conditions have been measured only occasionally 
within the field of siirvey Climatic data from the very beginning of meteoro¬ 
logical measurements, have been obtained from regular meteorological stations, 
and here from instruments housed in standard shelters,” located one to 50 miles 
from, and at elevations several feet to a mile above or below, the areas studied. 

Thomthwaite and Leighly (27) remark that “the climate of a region as deter¬ 
mined by means of these standardized observations is more or less of an abstrac¬ 
tion.” Geiger (9) has called the climate determined through data obtained 
by these methods “human climate,” t. e., climate based on weather elements 
in which humans are most interested with regard to transportation, physical 
comfort, recreation, harvesting of crops, sale of merchandise, and the like. In 
short, it is the weather around our heads, physically and psychologically, and 


* Publication No. 477, Department of Botany, The Ohio State University. 
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does not even remotely resemble the weather experienced by plants and animals 
at our feet. 

But whatever the label applied to the interpretation of these enormous quan¬ 
tities of data accumulated at stations all over the world, they have been exceedingly 
significant in at least three respects: 

1 They have resulted in a knowledge of the pattern of "human climate” 
over large areas, probably reaching the best expression in North America in 
Thonithwaite*s classification (25); and for the world in Koppen’s system (13). 

2. They have enabled climatologists to compute the variation of climatic 
factors in different large areas for years, decades and centuries, and also the same 
area from year to year 

3. They have brought out a rtwgnition of the duration, extent, intensity, 
and the periodicity, of certain phenomena such as drouth, precipitation and 
temperature conditions For example, V'isher (30) has utilized Weather Bureau 
precipitation data as a basis for his maps showing distribution of excessive rainfall. 
This distribution correlates closely with the Southern Coastal Plain forest forma¬ 
tion. Kinoer (11, 12) has shown the temperature trend to be upward all over the 
world during the past century, basing his conclusions on the accumulated data 
at a number of metropolitan stations with long weather records* Marvin (16) 
has recognized definite precipitation trends of 50 to 100 years at Boston. Thonith- 
waite’s evaporation-precipitation index maps (26) show a remarkable similarity 
to the known periodic fluctuations in the boundaries between original forest and 
prairie, and prairie and grassland formations 

The files of the Weather Bureau also constitute a vast repository of data likely 
to be of much value when finally analysed and interpreted. In addition to the 
actual temperature and precipitation data, many cooperative observers have 
listed quantities of phenological data, such as the times of bird migrations, the 
breaking of buds, the flcjwering of plants, the appearance of certain mushrooms 
and the maturing of v'arious crops The original records may be a rich source of 
such data, which, as Wing (33) remarks, "may be better for some wildlife com¬ 
parisons than the temperature records themselves." The observations of Thomas 
Mikesell at Wauseon, Ohio, for a period of 40 years are outstanding examples. 
These are probably the most extensive and complete phenological records in 
North America, and they have been compiled and published by Smith (22) 

In general, however, the Weather Bureau has been most active as a public 
service through its weather predictions In fact, its primary function has been 
the forecasting of weather. The accumulation, analysis and interpretation of 
climatic data have been secondary because of limitations of available personnel. 

USE OF WEATHER BUREAU DATA IN ECOLOGICAL REPORTS 

It IS not the regional factors, however, that control the behavior of plants and 
animals that live, grow, reproduce and die in the multitude of different habitats 
in large biotic areas like deciduous forest, prairie, or tundra.^ Yet, even the most 
recent ecological literature is replete with uninterpreted Weather Bureau data. 
The following are only a few random examples. Gates (8), in his paper on the 
bogs of northern Lower Michigan, states that "the climatic conditions most 
closely resemble those of the Weather Bureau station at Cheboygan, Michigan," 
one to 1(K) miles north of the various bogs and between two of the largest lakes 
in North America. This remarkable statement, completely contrary to the 
findings of Cox (6), is followed by some data from this distant station. Pearson (19) 

^Studies now in progress in the Botanical Laboratories at The Ohio State University 
indicate that this trend is not as pronounced in rural areas as it is in metropolitan centers, the 
source of most of Kincer’s data. 

•For another point of view, see Cain's quotation of Clements (2), pp. 11 and 21. 
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in his paper on the effect of herbaceous vegetation on the regeneration of Finns 
ponderosay cites precipitation data from a station six miles away from the experi¬ 
mental plot. Purer (20), who studied the ecology of the salt marshes along 40 
miles of the California coastline, refers to temperature, sunshine and precipitation 
data recorded at San Diego, 35 miles from the farthest station. Stoeckler and 
Limstrom (23) published a paper on factors influencing reforestation in northern 
Wisconsin. The area in which the studies were conducted is 10 miles southwest 
of the station from which the climatic data were obtained. Brown’s meticulous 
10-year study of Roan Mountain (1) included data recorded at two stations 15 
and 18 miles away, and at elevations 2,535 and 4,710 feet, respectively, below 
the problem area. Oddly enough, length of day, one of the most significant of 
ecological factors, is rarely mentioned. 

MACRO- VERSUS MlCRO-METKOROIXXiY 

The climatological and ecological literature, however, is not without reports 
showing that conditions, as measured by Weather Bureau standards, are sometimes 
astonishingly dissimilar from nearby, or even adjacent, plant and animal habitats. 
Wolfe, Wareham and Scofield (34) report frost free periods of seven different 
lengths in different habitats of a mile-long valley in central Ohio, ranging from 
124 to 266 days. For the same year (1941), a Weather Bureau station nine miles 
away recorded a frost free period of 144 days They also show that the annual 
minimum temperatures varied in the habitats in the valley from ' -25° F. to 
+ 32.5° F., compared to the official minimum of -18° F. Annual maximum 
temperatures varied from 76° F. to 120° F., and the dates of the annual maximum 
temperatures varied from April to August at the different stations. 

The same authors report that the date of the last spring frost in 1941 in the 
valley varied from April 3 to May 25 These dates are almost identical to the 
official figures for the whole state of Ohio for 1941. At the 88 Ohio stations the 
last spring frost came between April 2 and May 25 (4). Thus the frost dates of 
various stations in a small valley less than a mile in length showed as much variation 
in 1941 as did the whole network of Weather Bureau Stations in the state Data 
for the first fall frost are even more striking. In the valley the first frost-dates in 
autumn were recorded from vSeptember 26 to December 13. The range for Ohio’s 
88 stations was October 11 to November 10 (4). 

Cox (5), in an inteJisivc four-year study of thcnnal belts in North Carolina, 
found, among other things, that the length of the growing season varied from 
100 to 232 days at 60 stations. The same author (6), in his pioneer microclimatic 
study of cranberry hogs in Wisconsin, published a vast amount of soil and air 
temperature data showing that great extremes of temperature occur in any bog 
and there is a wide range of minimum temperature in the same bog,” further 
remarking that when the Weather Bureau station at Lacrosse (20 miles from 
nearest bog) reports prospective temperatures below 50° F., frost can be expected 
in the marshes if the night is clear. His report supporting this statement is too 
detailed for summary here. Malde (14), whose work is in agreement with that of 
Cox (6), increastnl the average length of the growing period in Wisconsin bogs 
from 58 to 118 days by application of sand. The averages are based on an 11-year 
study. Sihclair (21), working on maximum air temperatures in the desert, found 
great variation between the levels at 4, 12, 32, 65, 114 and 175 cms. above the 
soil surface through summer days. Maximum temperature of 122° F. at 4 cms. 
oc'curred at 1<)0 p. m. At the same hour, the temperature at 175 cm. was 15° 
lower. 

These are only a few examples, but there are many others, some of which are 
discussed by Geiger (9) in his systematic treatment of “the climate of the layer 
of air near the ground." 
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SPATIAI. VARIATION IN PRECIPITATION 

Spatial variation in ‘rainfall within small areas has been shown by Tumage 
and Mallore (28), Humphrey (10) and Musson (17) to be very great, sometimes the 
highest readings differing as much as 30 per cent from the lowest. The numerous 
maps and tables showing variation in amount of precipitation published by the 
Muskingum Conservancy Project reveal striking differences in different stations 
of the Muskingum watershed. The Weather Bureau records themselves, some¬ 
times show great differences in amount of precipitation at stations near each 
other. The correlation of these figures with biotic phenomena is difficult in light 
of the data in Table I, from iiwo stations near each other in Muskingum County, 
Ohio (4). 


TABLE I 

DltKLRiiNCKis IN AMOUNTS OF PRECIPITATION PER DaY AT PHILO (1) AND PHILO (2)«; 
Muskingum Count\, Ohio, in 1943 


Precipitation 


Number of Days per Month With Varying Amounts of 

Precipitation 


Difference of: 

Jan. 

Feb. 

Mar. 

1 Apr. 

May 

Jun. 

Jwiy 

Aug 

Sep. 

Oct. 

No/. 

Dec. 

Total 

Less than .10 ms 

16 

15 

6 

14 

14 

4 

7 

5 

8 

8 

10 

11 

118 

Between . 11 - .25 ms ... 

5 

1 1 

5 

1 3 

5 

3 

7 

0 

1 

0 

1 

0 

31 

Between .26-.50 ins. . 

1 

1 

1 

2 

4 

2 

2 

1 

0 

1 

1 

0 

16 

Between 51-1.00 ins..., 

0 

VI 

3 



1 

0 

0 

0 

1 

0 

0 

5 

Over 1.00 in. .. . . 

0 

■1 

VI 



U 

0 

2. 

0 

0 

0 

0 

3 

Total days ppt, ... | 


17 

1 1 


1 ^ 1 


16 

8 

“l 

10 

12 

11 

173 


• Station 2}^ miles S.W. of Philo, where (1) is located. 
1.36 ins. at Philo (1); .15 ins. at Philo (2) on June 16. 

• 1.86 ins. at Philo (l); .40 ins. at Philo (2) on August 4, 
1,02 ins. at Philo (2), none at Philo (1) on August 5 


While 68 per cent of the total days with at least a trace of precipitation have 
essentially the same amotmts at the two stations, the differences appear to be 
ecologically significant, especially when using the data in conjunction with seasonal 
or short-time investigations. Moreover, the major differences occur in the midst 
of the so-called growing season. These differences may be averaged and the 
total annual precipitation at two stations located so close together b^ome nearly 
identical. But in 1943 the total at Philo (1) was 29.25; at Philo (2) 34.24, with 
monthly differences of 1.10 and 1.04 inches in June and August respectively. 


TABLE II 

Differences in Precipitation at Two First Order Weather Bureau Stations at 
Cincinnati, Ohio* for the 1943 Growing Season 


Precipitation Differences of 


May 

Jtme 

July 

Aug. 

Sept. 

ToUl 

Less than .10 ins.. . 

17 

21 

11 

9 

7 


76 

Between .11-.25 ins .. ... 

3 

2 

3 

1 

1 

1 

11 

Between .26-.60 ins. . 

0 

2 

0 

5 

4 

2 

13 

Between .51-1.00 ins. 

0 

0 

2 

1 


0 

3 

Over 1.00 ins. 

0 

0 

U 

0 


.0 

1 

Total days with ppt . 

20 

25 

17 

16 

12 

13 

108 


• Stations are located at the Abbe Observatory and the Federal Building, about 3.4 
miles apart. 

b Abbe .55 in.; Fed. Bldg. 1.59 ins. on June 10. 
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While readings of instruments at the cooperative stations may not always be 
made at exactly the same hour each day. thus inserting error into the daily com¬ 
parisons. similar results are obtained in comparing two first order stations at 
Cincinnati. (Table II). 

Moreover, these data usually are concerned only with amount. It has long 
been recognized that time of precipitation, nocturnal or diurnal; the season, type, 
amount of interception, run-off, and evaporation are also important ecological 
factors. But total and average precipitation data are all that are usually published 
by ecologists, often from stations 20-50 miles from the problem area. It seems 
useless, therefore, to cite precipitation data not obtained in the problem area. 
The precipitation data represented by Fig. lb, for example, implies a rather uniform 
distribution through the seasons at Lancaster, Ohio. Figs, la, c plainly show 
that this is not true, and may frequently be misleading. 



Fig. 1, Precipitation rosettes for Lancaster, Ohio. A, monthly precipitation m 1930, showing 
year-round drouth conditions; B, mean monthly precipitation giving the impression of 
rather uniform seasonal distribution; C, monthly precipitation in 1920. showing winter 
drouth and abundant rainfall during crop growing seasons. 

WEATHER BUREAU METHODOLOGY AND PR0CP:DURES 

Weather Bureau methodology and procedures fail to furnish useable ecological 
data, i. e., data reflecting actual habitat conditions of plants and animals, for 
several reasons 

1. Location, Housing and Reading of Instruments: Not only are the instru¬ 
ments placed five feet above the substrate, but that substrate may be anything 
from the tar and gravel roof-top of a fKWoot building in a metropolis, to the blue- 
grass lawn of an airport, or the unsodded terrain of a farmer's barnyard. More¬ 
over, the instruments, loc^ated as they are. in standard coops, arc sheltered from 
almost every condition to which plants and animals are subjected, i e., wind, rain, 
snow^ insolation, nocturnal radiation to the sky, other plants and animals, and 
the character of the substrate or soil. Thomthwaite and Lcighly (27) have 
observed that ‘*the range in mean monthly minimum temperature [may be] as 
great within five feet of the ground vertically as in a belt 300 miles from north 
to south at the standard level.” In Table III are some minimum temperature 
^ta obtained in the Botanical Gardens at The Ohio State University. Data 
included in the table were obtained in February and March, 1944. Temperatures 
at the five-foot level were obtained by using a standard Weather Bureau 
thermometer, housed in a shelter similar to that of the Weather Bureau type. 
Utilizing a technique employed by Wolfe, Wareham and Scofield (34), tem¬ 
peratures were also obtained with three thermometers at the eight-inch level 
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TABLE III 

Comparison of Minimum Temperatures Recorded by Variously Exposed Thermometers 
IN THE Ohio State University Botanical Garden With Those of Nearby 
' Weather Bureau Stations 


1044 

Exposed, 
face up 

In therm, 
holder 

Beneath 

board 

Standard 

shelter 

Col’s, O.. 
W. Bureau 

O. S U. 

W Bureau 

Feb 20 . 

5 0 

8 0 

14 0 

14 0 

25 

23 

Feb. 21. 

12 0 

13 0 

19 0 

21 5 

26 

27 

Feb. 22 

27 5 

31 0 

29,0 

34 0 

38 

38 

Feb. 23. 

34 6 

35 5 

35 5 

36 5 

37 

38 

Feb. 24... 

20 5 

23 0 

29 0 

27.0 

37 

35 

Feb. 26... 

16 0 

18 0 

22 0 

23 5 

35 

31 

Feb. 26 . ... 

42 0 

40 6 

43 0 

43 5 

48 

44 

Feb. 27. . 

32 0 

34 5 

37 6 

39.5 

37 

41 

Feb. 28. . 

32 0 

32 0 

5 

33 5 

31 

34 

Mar. 1. 

21 0 

21 0 

1 23 5 

22 5 

24 

25 

Mar. 2 . 

3 0 

6 0 

12 5 

12 5 

22 

20 

Mar. 3.. 


19 0 

1 23 5 

22 5 

32 

31 

Mar. 6. 

i7 0 

15 5 

i 18.0 

j 

16 5 

18 

19 


TABLE IV 

Distribution, According to Amount, of 415 Consecutive R unfalls of 
.06 to .37 Inches, at Lancaster, Ohio 


Amount 

Number 

Amount 

Number 

Amount 

Number 

.05 

34 

16 

11 

27 

13 

06 

8 

.17 

4 

28 

4 

.07 

3 

.18 

13 

29 

4 

.08 

15 

19 

12 

30 

27 

09 

8 

.20 

21 

.31 

3 

to 

27 

21 

14 

.32 

15 

11 

5 

.22 

9 

.33 

7 

12 

17 

.23 

7 

.34 

8 

13 

9 

24 

8 

.35 

24 

14 

4 

25 

28 

.36 

11 

15 

30 

.26 

12 

.37 

5 


TABLE V 

Distribution of Daily Minimum Temperatures Between 28° F. and 36° F. at 
Lancaster, Ohio, Over a 42‘Year Period (October-April) 


Temperature °F. 


Month 



28° 

29° 

30° 

31* 

32° 

33° 

34° 

35° 

36° 

Total 

October . .. 

17 

22 

29 

36 

33 


43 

52 

65 


November. 

54 

HITS 

66 

44 

61 

63 



49 


December. 

59 

47 

48 

46 

65 

31 

24 

46 

18 

383 

January. 

55 

38 

60 

24 

44 

29 

46 




February. 

42 

30 

61 

35 

69 

31 

31 

35 



March .... 

39 i 

66 

74 

54 

72 


36 

45 



April. 

27 

34 

51 

39 

46 

42 

49 

56 



Total. 

293 

296 

379 

278 


276 

279 

318 


2730 

Percent. 

10 7 

10.8 

13 8 

10.2 

13 9 


10,2 

11.6 


99 7 
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above a blue-grass sod. One thermometer was placed face-up, on a platform 
constructed of redwood; another was attached below the platform; another was 
placed in a holder described by the above writers, at the edge of the platform 
(Fig. 2). Temperatures recorded at the Columbus Weather Bureau and the 
cooperative station at the Ohio State University are included in the table. From 
these data it is obvious that it is not to be assumed that minimum garden tem¬ 
peratures are similar to temperatures recorded by the Weather Bureau or its 
coopierative station. On cloudy or rainy nights, the minimum temperatures 
may vary only a few degrees, but when there is much radiation to the open sky, 
differences may amount to as much as 12° F., even in the seclusion of standard 
shelters. Instruments not so sheltered show even greater differenc'es and further 
experiments may show these figures to be most applicable to indicate the tem¬ 
perature conditions to which the plants are subjected. 



Fir,. 2. Photograph of the platform to which variously exposed thermometers were attached 
to obtain air temperatures at the eight-inch level over a blucgrass sod. 

Photo by A. Hyder. 

The effectiveness of the Weather Bureau set-up in the United States is in 
great part made possible through the cooperation of o.OOO or more voluntary 
observers. There arc certain features of this system, however, which frequently 
are sources of slight error. The change of location of the cooperative stations, 
sometimes entailing significant changes in elevations; lack of uniformity in hours 
of observation, and breaks in the continuity of the records when the observers 
retire, are ill, or go on vacation, make certain comparisons of data difficult. More¬ 
over, the data presented in Tables IV and V indicate that the readings may not 
be exact. All of these, however, may have but little effect on data desirable to 
the Weather Bureau, nor are they a source of serious error in the compilation of 
macro-climatic data. 

2. Modification of Observers* Data, A study of the original records (18) of 
Ohio cooperative observers on file at the Columbus Weather Bureau, indicates 
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that some of the observations recorded ^ the cooperators are subject to modifica¬ 
tion by their supervisors at the main omce. This often leads to false analysis of 
factors ecologically significant, especially with regard to temperature phenomena. 

For example, on the morning of June 23, 1918, at Lancaster, Ohio, the observer 
recorded a minimum temperature qf 40® F., and accompanied the record with a 
written statement, “Killing frost,” adding: “Considerable damage to com and 
tender vegetables.” The published record (3), however, states that the final 
spring frost for Lancaster in 1918 was on April 14, 70 days earlier. Moreover, 
the last “freeze”^ was recorded on April 25, eleven days after the last official 
frost. Perhaps no frost occumed the morning of April 25, but it seems unlikely, 
although entirely possible if surface temperatures were above 32® F. Further 
study of the Ohio record reveals that this modification is not an uncommon 
occurrence. (Table VI.) 

TABLE VI 

Lkngths of Frost-Free Periods at Lancaster, Ohio, for Selected Years, 

Based on Three Different Criteria 



Weather Bureau 

Observer 

32 

“ F. Temp. 

Year 

Last 

First 

Length 

Last 

First 

Length 

Last 

QOO 

First 
Sub 32° 

Length 


Spring 

Fall 

in Days 

Spring 

Fall 

in Days 

Spring 

Fall 

in Days 

*06 

4/24 

10/23 

182 

None 

10/23 


4/24 

10/13 

172 

'18 

4/14 

11/2 

202 

6/23 

9/22 

91 

4/26 

11/2 

101 

'21 

4/18 

10/13 

178 

6/1 

None 


4/8 

10/13 

188 

’23 

4/26 

10/6 

162 

None 

9/14 


6/9 

9/16 

130 

■26 

4/27 

11/1 

188 

None 

10/7 

.. , ... 

6/11 

10/7 

149 

’27 

4/24 

11/6 

206 

None 

9/21 


5/1 

9/21 

143 

*29 

5/8 

10/18 

163 

None 

10/18 


6/8 

9/19 

134 

'32 

6/3 

10/22 

172 

6/3 

10/22 

i72 

6/3 

10/14 

164 

’36 

5/1 

10/5 

167 

None 

9/30 

. 

5/1 

9/80 

162 

’36 

4/26 

10/28 

186 

None 

10/28 


4/26 

10/3 

161 

'37 1 

6/11 

10/14 

166 

None 

10/8 


4/12 

9/18 

169 

’38 i 

6/13 

10/28 

168 

5/12 

10/28 

169 

6/13 

10/7 

147 

’39 

6/4 

10/16 

164 

5/1 

10/16 

167 

5/4 

10/13 

162 

■40 

6/6 

10/17 

165 

6/6 

10/17 

166 

5/5 

10/9 

167 

'41 

6/25 

10/29 

157 

None 

10/29 


5/26 

10/11 

139 


Calculation of the length of the frost free period is subject to additional errors 
because observers may not report frosts when they do occur. Then the officials 
use the last 32® F. temperature in spring and the first in the fall, but as indicated 
in Table VI, may also do so whether or not the observer reports frost. The use 
of two criteria in determining the frost free period leads to some inaccuracy, 
although as far as macroclimate is concerned, the error may be insignificant. 
However, whether the frost free period in 1918 at Lancaster was 91, 191 or 202 
days, is difficult to determine. 

3. Methods of Compiling and Incompleteness of Data: The Weather Bureau 
records have definite limitations as a measure of ecological factors because of the 
incompleteness of certain observations. When light is measured, it is usually 
in terms of total hours of sunshine; relative humidity data are reported only three 
times daily; persistence of snow cover data are fragmentary or lacking; wind 


*The term “freeste’* if> used by the Weather Bureau to refer to conditions when the tem¬ 
perature inside the standard shelter is 32° F. or lower. Frost may be recorded when the 
temperature inside the shelter is as high as 51 F. (Bowling Green, May 12, 1898. (18) ). At 
Lancaster, O., however, the 60-year average date of the first fall frost is Oct. 16 and the 
average date of the first fall f^ee^e falls six days earlier. 
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velocities are either not measured or if so, the data are not applicable to ecological 
problems. It is not uncommon in Hocking County, Ohio, for winds of gale 
velocities to roar through the pine forests on the uplands, yet on the forest floor 
of the lower valley, the leaves of plants in the herbaceous layer do not move per¬ 
ceptibly. No satisfactory method of measuring evaporation has ever been 
developed; precipitation in the form of dew and frost is not measured. Soil 
temperature and depth of freezing data are lacking and fragmentary. 



Fig. 3. Frost probabilities for successive five-day periods in spring at Lancaster, Ohio, 
based on 26-year records from 1910 


Largely because the Weather Bureau data are compiled on a monthly rather 
than seasonal basis, ecologists publish these data as though each calendar month 
itself is an ecological factor. Table VII shows how misleading temperature 
data can be when presented on a monthly basis. 

TABLE vri 


Average and Ext^me Temperatures (*’F,) for Five-Day Periods at 
Lancaster, Ohio, 1910 1935 


April * 

1-6 ' 


H-15 

16*20 

21-26 

26-30 

1*30 

26 year Average. i 

48 6 


60.7 

52 9 

62.7 

63 9 

51 3 

26 year avg. maximum i 

60 4 


62 7 

’ 64 5 

64 6 

65 6 

63 1 

26 year avg. minimum 

36.0 


39 0 

40.'9 

41 1 

41 9 

39 6 

All time maximum* 

83 0 

86 0 

89.0 

88.0 

89 0 

92 0 

92 0 

All time minimum*.... 

0 0 

19.0 

22 0 

19 0 

2t 0 

23 0 

9 0 


• 1895-1943. 



















10 


JOHN N. WOLFE 


Vol. XLV 


This is further emphasized when considering probability of frost damage. 
Figure 3 is based on the frequency of spring frosts during five-day periods over a 
25-year span, at Lancaster, Ohio. The percentages indicate the probability of 
frost during these short periods, from February 26 to May 30. 

Although of lesser importance to the ecologist than to the agriculturist, the 
sub-division of the various states into climatic divisions appears in many cases 
not to have been done on either a climatic, biotic, or physiographic basis or a 
combination of the three. Ohio, for example, is divided into *‘northern,** “middle ** 



Fi(j. 4. Suggested subdivisiop of Ohio for climatic comparisons. This takes into account 
the effects of the plateau and lake on climate, which physiographic features overshadow 
the effects of latitude. In western Ohio the influence of physiography is less marked. 


and “southern’* divisions, apparently on what may be considered a doubtful 
assumption, stated by Fisher (7) that “probably the greatest variations in the 
climate [of Ohio] are those incident to latitude.*’ A more desirable subdivision, 
which would lead to better comparisons, is suggested in Fig. 4. 

This analysis of Weather Bureau data, as used by ecologists, is in no way a 
reflection on the work of the Bureau and its thousands of cooperative observers. 
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They have contributed abundantly to one phase of human knowledge. Rather* 
the data seem to emphasize the need for a different approach to climatic and 
weather problems as related to agriculture, forestry, ecology and conservation. 
“Knowledge of human climate,” as Geiger (9) remarks, “has now reached a 
stage of tentative finality.” With the broad generalizations developed, they 
stand as a basis from which to work out the variations and trends in the many 
habitats located within large areas. This is the province of microclimatology. 

SOME PROBLEMS OF MICROCLIMATOLOGV 

Microclimatology, or ecological meteorology, however, is confronted with a 
number of major problems which will have to be solved before satisfactory data 
c'an be obtained and adequate correlations made with carefully observed biotic 
phenomena. Four of the principal problems are mentioned below 

1. Instrumentation.—The development of new instruments and the modification 
of old ones is necessary to meet the difficulties connected with the measurement 
of factors in the habitats. Many present instruments were constructed for lab¬ 
oratory use, or for use in protected shelters, or have been placed where they could 
be frequently and easily adjusted. 

2. Experimentation in Methods Much needs to be done in determining what 
methods most accurately measure ecological factors in the field In a leading 
ecology textbook there is the remark: “With the aid of a thermometer, the measure¬ 
ment of temperature is an easy task" (31). The reading of a thermometer is 
easy, but “of what is that reading the temperature?" is another question indeed 

3. Accumulation of Pkenological Z)a/<i--Published records of observations of 
plants and animals in the habitats where the factors are being measured are notable 
by their absence. Even though it be assumed that Weather Bureau data reflect 
actual habitat conditions for a given region, observations relative to date of 
planting, beginning of growth, time of gennination, period of greatest vegetative 
growth, time of flowering, time of maturation of fruit, quality and quantity of the 
crop are almost totally lacking or exceedingly fragmeyitary or unreliable. 

4. Facilities for a Long-Time Research Program. —Thomthwaitc and Lcighly 
(27) have outlined a research program which would attempt to meet these problems 
as well as many others They suggest that such a program be connected with 
a large university, so that space, diverse facilities of the various related st'ience 
departments, and manpower c'ould be available. This appears to be an excellent 
method of approaching the present and future problems of ecological meteorology. 

SUMMARY 

1. Weather Bureau meteorological data have been the basis for the develop¬ 
ment of climatic concepts, and evidence of climatic trends over large biotic areas 
such as desert, prairie and forest. 

2 Weather Bureau records have been re-published extensively by ecologists 
in cpnjunction with ecological studies, but correlation of biotic phenomena with 
the climatic data has not been explained or demonstrated. 

3. There is wide variation between macroclimates as determined from Weather 
Bureau data and the aqtual (microclimates) to which biotic communities are 
subjected and by which they are limited. 

4. Weather Bureau data are not applicable when explaining such biotic 
phenomena as growth, reproduction, succession and death of plants and animals 
in various habitats of a region. 

6. There appears to & an urgent deed for direct measurements of micro¬ 
climatic phenomena* in the analysis of many problems of agriculture, forestry, 
ecology and conservation. 

6. Further advances in a knowledge of microclimates depend upon the develop- 
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ment of new instruments and methods, the accumulation of precise phenological 
data in the habitats or fields where the factors are being measured, and the estab* 
lishment of facilities for a long-time research program. 
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STUDIES IN HUMAN INHERITANCE XXVII 

The Inheritance of the Shape of the Sella Turcica* 


LAURENCE H. vSNYDER* and FRITZ BLANK,' 
The Ohio State University! 

Columbus, Ohio 


The shape of the sella turcica as seen in X-ray pictures varies from circular 
through oval to fiat or saucer-like. Almost nothing is known as to the possible 
genetic basis for such differences in shape. Dillon and Gourevitch (1034, 193b) 
observed the variation in sella form in 26 pairs of twins, 14 fraternal and 12 
identical, and concluded that these variations were chiefly influenced by genetic 
factors. Maguid (cited by Dillon and Gourevitch) compared four pairs of identical 
twins with four pairs of fraternal twins, and found striking similarities in sella 
shape in the identicals and marked differences between the members of the pairs 
in the fraternal group. 



Fig. 1, Diagrammatic representation of the three shapes of sella turcicas. 

1, round; II, oval; Illf flat. 

In the course of a genetic investigation of the variation of pneumatization of 
mastoids, configuration of sinuses, and form of sellas, we have taken standard 
X-ray pictures of parents and children. In a preceding paper (Snyder and Blank, 
1944) we presented evidence that bridged sella is inherited on the basis of a domi¬ 
nant gene substitution. It is the pu^ose of this paper to present the results of 
our analysis of sella shape based on X-ray pictures of 100 individuals belonging 
to 24 families. 

Knowledge of the possible genetic factors imderlying sella shape may be of 
practical as well as theoretical importance, since the size and shape of the pituitary 
gland is obviously proportional to the form of the sella turcica which houses it. 
The secretory function of the gland may or may not be related to its size and 
shape, but the genetic study of such conditions as Froehlich*s disease, Simmond's 
disease, adiposity and short stature requires a better knowledge of variation in 
the sella turcica than we now possess. 

The X-ray pictures were taken in the standard position for lateral radiography 
of the sfella turcica. The work was done at St. Francis Hospital, Columbus, Ohio. 
The distance was in all cases the same and was sufficiently great to avoid distortion. 


*The authors gratefully acknowledge the receipt of a grant from the Committee on Human 
Heredity of the >^tional Research Council, which made possible these studies. 

•Chairman, Department of Zoology and Entomology, and Professor of Medical Genetics, 
Department of Medicine. The Ohio State University. 

Medical Director, Bureau of Human Heredity, London, England; Guest Investigator, 
The Ohio State University. 
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Fig. 2. X-ray photographs of the three types of sella turcicas. 
Upper, round; middle, oval; lower, flat. 
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The sellas were measured in two dimensions: saggittal, the maximal anterior- 
posterior distance, and vertical, the distance from the middle of the base to a 
line connecting the tips of the anterior and posterior clinoid processes (Fig. 1). 
It was found that the ratios between width and height fell into three rather sharply 
defined groups with very little grading from one to the other (Fig. 2). The three 
groups were as follows: 

I circular; width to height being about 1:1. 

II oval; width to height being about 1.5 : 1. 

Ill flat; width to height being about 2-1. 

The proportions of the three groups in our one hundred cases were as follows: 
tyj)c I, 41 per cent, type II, 50 per cent, and type III, 9 per cent. These propor¬ 
tions differ somewhat from those reported by Koehler (1928) on 500 X-ray pictures 
of normal European individuals, where the figures were type I, 24.4 per cent, 
type II, 58.4 per cent, and type III, 17.2 per cent. It would not be surprising 
to find racial and group differences in sella shape as have been found in skulls. 

The types of mating in our material and the offspring from these types are as 
follows: 


Mating Type 

No. OK Families 

Offspring 



1 

II 

III 

f X ? 

3 

6 



I X II 

11 

12 

11 

1 

1 X Ill 

1 

4 



II X II 

5 


10 


II X nr 
in X III 

4 


5 * 

a 


It is clear that there is a correlation between types of parents and types of 
offspring However, with the small number of individuals a trustworthy estimate 
of the association can not be obtained. The data are highly suggestive, and 
indicate the action of Mcndelian factors in the production of sella shape The 
collection of further data seems justified, and it is hoped that these studies, inter¬ 
rupted by the exigencies of the war, may be continued when the opportunity again 
presents itself. 

Unusually small sellas were encountered in two families. In one family the 
mother and both of her sons showed the trait; in the other, the father and one of 
two sons had the small sellas. 
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THE SIMILARITY EXISTING BETWEEN SOME ALGAE AND 
SOME POLLENS WITH A FURTHER NOTE CONCERNING 
PHYTOMORULA REGULARIS KOFOID* 


CLARENCE E. TAFT, 
The Ohio State University 


Herbert F. Copeland (195?) pointed out the similarities existing between 
certain Mimosoideae pollen and Kofoids algal genus Phytomorula. This paper, 
in Madrono, appears not to have had the wide circulation among algologists which 
it deserved. 

To anyone who has seen pollen from such species of Acacia as A, longifolia, 
A. baileyuna, or A. verlicilala, there can be no doubt as to the accuracy of Cope¬ 
land's conclusions. A discrepancy which he mentions, however, does exist between 
the two published figures of Phylomorula, That by Kofoid (1914) shows a small 
domc-like protuberance on each cell, while Smith's figure (1933) shows a larger, 
broad protuberance. Copeland was not able to explain this discrepancy, although 
he suspected that the shape of the protuberance was dependent upon the degree 
of exposure to which the pollen cluster had been subjected. The present work 
appears to verify these suspicions. 

The writer, in organizing a reference collection of pollen in connection with a 
study of fossil and subfossil algae of Ohio Bogs, noted the similarities as well as 
the discrepancies existing between Acacia pollens and the figures of Phytomomla. 
In an attempt to find a suitable method of preparing pollens for study, the reasons 
for these differences became evident. A pollen cluster of Acacia when taken 
directly from the flower and shown in Fig. Ic, shows the broad protuberance on 
the outer face of each cell. When such a cluster is treated with various mounting 
media, a distinct shrinkage is evident, resulting in small dome-like protuberances 
as figured by Kofoid, Fig. la. If the shrinkage is controlled by varying the con¬ 
centration of the media, clusters will be found in which some of the cells show the 
small dome-like protuberance, while others exhibit no sign of shrinkage, Fig. lb. 
Figure Id is a copy of Smith's figure of Phytomorula. 

Such differences in the contour of cells of Acacia pollen clusters therefore 
appear to be due to varying periods of exposure before collection. The discovery 
of the true nature of Phytomorula by Copeland is an excellent example of the 
imi)lications which may be evident to the algologist and non-algologist alike. 

With the recent advance in the study of fossil pollen and fossil algae in peat 
deposits, the need for a reciprocal knowledge of their respective fields by the 
pollen analyst and algologist is evident. As both i^llen and algae oc'cur inter¬ 
spersed in the same deposits, it is sometimes very difficult to identify them with 
any degree of certainty unless they or their near relatives have been previously 
encountered in living condition. 

The foregoing example is merely a case where? the algologist was led into com¬ 
mitting an eiTor because of a lack of information concerning pollen structure. 
If wc look at‘the other side of the fence, we find possibilities of pollen workers 
committing the same kind of errors. If there is so great a resemblance in one 
direction, then there may be a possibility of the situation being reversed. In 
substantiation of this, there is a geftius of the unicellular algae, Trochiscia, the 
species of which are identified entirely on wall characters. Species having reticulate, 


^Paper from the Department of Botany, The Ohio State University. No. 481. 
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spiny, or otherwise sculptiired walls might easily be mistaken for pollens. Also 
that certain pollens might be assigned to this genus by the inexperienced algologist. 
Another error, and one which I feel may have been committed in some instances, is 
the identification of the cysts of certain species of Trachelomonas as grass pollens. 
This genus, a relative of Euglena, is characterized by having the individual sur¬ 
rounded by a silicious cyst with one pore. A study of the cyst, however, will 
readily distinguish it from pollens. 



Fig. 1. a—Kofoid’s figure of Phytomorula regularh; 1) —Pollen cluster of Acacta longtfolia 
•with some cells showing marginal shrinkage; c—Fresh pollen cluster of A longtfoHa with 
no marginal shrinkage; d—Smith’s figure of Phytomorula regular is Kofoid. 

In order to eliminate the possibility of error, the algologist, and especially 
the one interested in fossil algae, should familiarize himself with as many pollens 
as possible. Likewise, the pollen analyst should be familiar at least with the 
various classes of algae. 
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NOTES AND RECORDS OF LEPIDOPTERA IN OHIO» 


WM. C. STEHR, 

Ohio University, Athens, Ohio 

Occasionally southern species of Lepidoptera are found in Southeastern Ohio. 
The following are records of southern species that have been taken and which 
seldom reac'h areas as far north as Ohio. 

Erebus odora Linn Jackson, Ohio. 1 9—19~V“'37, at filling station; John 
H. Hughes, Collector. 

Errinyis eilo Linn.* Athens, Ohio. Icf * 10-VIII-’44, resting on tree trunk; 
Frederick W. Stehr, Collector. 

Errinyis obscura Fabr : Athens, Ohio. 1 9—20-IX“'31, in light trap; Wm. C. 
Stehr, Collector. 

Errinyis domingonis Butler: 1 9—2fi-X“'3S, on bridge railing; Thatcher Hart, 
Collector. 

From observations on Asterocampa celtis (B. & L.) and Asterocampa clyton 
(B. & L.) during the past fifteen years, it appears that in general these species 
frequent areas of low illumination during the daytime hours. There is some 
evidence that they may be somewhat crepuscular or even noctufnal in some of 
their activities. The following records seem to substantiate these conclusions 
Of forty specimens of Asterocampa celtis (B. & L.) taken between 7:00 A M. 
and 7:00 P. M. in southeastern Ohio, only two were taken in open sunny areas. 
All of the others were taken along the edge of woods in rather poorly lighted 
ravines in Athens, Meigs, Hocking, Jackson, Vinton and Lawrence Counties, 
Ohio. On July 19, 193S, fourteen specimens of this species were taken along a 
deep ravine in Torreya State Park, Florida, None were seen in the more open, 
t)etter lighted areas of the Park. 

Of thirty-two specimens of Asterocampa clyton (B. & L.) taken during the 
same period, none were taken in open country. All of them were found in shaded 
areas. 

These species have also been taken occasionally at night. Nocturnal records 
are herewith presented. 

Nocturnal Records of Asterocampa celtis (B. & L.). 

Athens, Ohio: 1 cf, 27“VI-'41, at porch light, 9:45 P. M. Wm. C. Stehr, Coll. 

] 9 , 10-VI-'37, sugaring on tree trunk, 10:00 P. M. Wm. C. 
Stehr, Coll. 

Cherokee,N.C. * 1 cf, 2f)-VI-’38, at filling station light, 9:30 P. M. Wm. C. 
Stehr, Coll. 

Nocturnal Records of Asterocampa clyton (B. & L ). 

Athens, Ohio: 1 c?*, 4-VII“’31, in light trap. Wm. C, Stehr, Coll. 

1 9,3-IX-’33, in light trap. Wm. C. Stehr, Coll. 

1 d^, fi“IX-'33, in light trap. Wm. C. Stehr, Coll. 

1 cT, 1-VII-32, at fight sheet, 10m P. M. Wm. C. Stehr, 
Coll. 

1 9,29“VII“32, at sugar, 11.<X) P. M. Wm. C. Stehr, Coll. 

In four years, 1931-*34 inclusive, during which a light trap was operated every 
night from April 15 to October 30, no other species of butterfly was ever taken. 
Neither were any others ever observed at light sheets, outdoor electric lights or 
on sugar. 

‘Paper No. 24, frorii the Departm^’t orZoology, Ohio University, Athens, Ohio. 
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A SYSTEMATIC STUDY OF THE MAIN ARTERIES IN THE 
REGION OF THE HEART—AVES XXL 

Passeriformes—Paridae. Part 1* 

FRED H. GLENNY* 

As Garrod (1873) has already pointed out, the Passeriformes are character¬ 
istically ‘^aves laevo-carotidinae/' but as the present writer has shown in several 
recent papers, in certain orders of birds (Glenny, 1940, 1942 and 1943a, and Glenny, 
unpublished papers) the arrangement of the internal carotid arteries cannot be 
entirely utilized as an ordinal character. Furthermore, as has been shown in 
other recent studies (Glenny, 1943b, 1943a, and 1944) there may be characteristic 
family variations of the basic ordinal arterial arrangement-pattern within an 
order—aside from certain minor individual or specific' differences—which may 
be used in gross anatomical and perhaps in phylogenetic studies. 

It is of particular interest, therefore, to determine, in so far as possible, the 
family arrangement-patterns of the main arteries in the neck and thorax of the 
Passeriformes The present study is limited to a consideration of the arterial 
arrangements of four species of the Paridae. 

materials 

The species used in this study were collected by Professor Tsen-Hwang Shaw, 
Fan Memorial Institute of Biology, Peiping. China; the Division of Ornithology, 
Cleveland Museum of Natural History, and the author. 

Single specimens of Paruz major artatus (Thayer & Bangs) and Parus palustris 
hellmayri (Bianchi), and two specimens of both Parus atricapillus L and Baeolophus 
bicolor L. were dissected and diagrams prepared. 

The following observations are based upon the ^information obtained in the 
study of the above specimens. 

OBSERVATIONS 

The basic family arterial arrangement-pattern for the species studied is 
characteristic 

The aortic root (1) arises in the left ventricle, passes anteriorly and diagonally 
to the right for a short distance before bifurcating to form the innominate 
arteries (2). The functional (right) systemic (4th aortic) arch (3) arises from 
the right innominate artery near its base. The systemic arch connects directly 
with the right radix aortae (4) which passes posteriorly and diagonally from the 
right toward the centre where it becomes the dorsal aorta (7). The ligamentum 
aortae (5) remains as an extremely small ligament and the proximal attachment 
to the pulmonf^ artery (6) may atrophy completely. 

The innominate arteries pass anteriorly and diagonally to the right and left 
and then divide to form the subclavian (9) and common carotid (8) arteries. 
The subclavian artery sends off the intercostal (10)—from the posterior fac'e- , 
coracoid major (11)—from the ventral face—, axillary (12)—from the anterior 
face—, and two pectoral (13) arteries. 

The common carotids give rise to a short thyroid artery (21) before giving 
rise to the superficial cervical (14), vertebral (15), and internal carotid (18 and 19) 
arteries. The ductus shawi (16) arises from the vertebral artery, near its origin 

K^ontributions from the Department of Zoology, University of Torontx>. 

■Formerly Assistant, Department of Zoology, University of Toronto; now on active service 
with the U. S. Army Medical Department. 
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from the common carotid artery, and sends off the syringo-tracheal branches (17) 
before passing posteriorly to supply the oesophagus, bronchi, and connective 
tissues in the region of the heart. 

The superficial cervical arteries supply the muscles, glands, and accessory 
tissues of the neck; the right vessel also sends branches to the oesophagus. The 
right internal carotid becomes functionally modified as the ascending-oesophageal 
artery (19), while the left internal carotid (trunk) artery (18) alone enters 
the hypapophysial canal to carry the major cephalic blood supply. 

Except in Baeolophus bicolor, the scapular arteries arise from the superficial 
cervical arteries, but in Baeolophus the right scapular artery arises from the 
asc'cnding-ocsophageal artery,'and the left scapular artery arises from the left 
vertebral artery or from the left superficial cer\dcal which (in this case) arises from 
near the base of the left vertebral artery. This may be an individual difference 
and may vary somewhat in different specimens. 

The right ligamentum hKjtalli atrophies completely or fuses entirely with the 
right radix aortac and is, avS a result, entirely lacking. 

DISCUSSION 

From the above observations it is readily seen that —in so far as the present 
study is concerned—there is a fundamental and essential similarity in the arrange¬ 
ment of arteries in the neck and thorax of the Paridae. It will be noted further 
that the species of Parus are identical in arrangement, and differ but slightly 
from Baeolophus bicolor in so far as secondary vessels arc concerned. 
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EXPLANATION OF FIGURES IN PLATE 

1, Aortic root; 2, Innominate arteries; 3, Right systemic arch; 4, Radix aortae; 6, Ligamen- 
ttjm aortae: 6, Pulmonary artery; 7, Doi^l aorta; 8, Common carotid artery; 9, Subclavian 
artery: 10, Intercostal artery; 11, Coracoid major artery; 12, Axillary arUay; 18, Pectoral 
artenes; 14, Superficial cervical artery; 16, Vertebral artety; 16, Ductus shawi; 17, Syringo- 
tracheal arteries; 18, Left internal c^arotid (trunk) artery; 19, Ascending-oesophageal (right 
internal carotid) artery; 20, Scapular artery; 21, Thyroid artery. 


















SOME ISTEW SPECIES OF CLOANTHANUS (HOMOPTERA- 
CICADELLIDAE) FROM THE EASTERN 
UNITED STATES 


DWIGHT M. Delong, 

Department of Zoology and Entomology, 

Ohio State University 

In 1931 Dr. E. D. Ball'*’established several new genera to include species 
formerly placed under the European genus Platymetopius. The name Scaphy- 
topius was proposed for one group with Platymetopius degans V. D. as the geno¬ 
type. Another group, Cloanthanus, was established with Platymetopius angustaius 
Osborn as the type. The species for which six generic names were propos^ seem 
to be very similar and it is doubtful if four generic names will prove to be valid 
genera. P, elegans is, however, different from the other species and it seems 
logical to retain the genus name Scaphytopius for elegans. Since P, angustatus 
is designated as the type of Cloanthanus it has been cited here as the genus name 
for the larger group of related species. Recent work upon the eastern species of 
this group, using all the available material, and particularly attempting to identify 
all of the Illinois specimens has indicated several apparently undescribed species 
on the basis of external characters and the male genital structures. 

Several species have previously been confused and placed under the name 
P, acutus Say. In order to establish all of the species concerned it has been neces¬ 
sary to erect a neotype for that species, since the type has been destroyed. 

Cloanthanus acutus (Say) 

Jassus acutus Say. Jour. Acad. Nat. Sci, Phil. 6; 306, 1831; Compl. Writ. 2: 382. 

A pale to dark brown species with yellow, brown margined, face. Length 4.6 mm. 

Vertex produced rather sharply, almost two-thirds as wide between eyes at base as median 
leagth. 

Color: Brown, vertex with median pale vitta at apex and conspicuous pale vittae on disc. 
Pronotum dark brown, scutellum tawny. Elytra pale with scattered dark brown irrorations 
leaving many pale spots and areolar spots. Pace yellow, heavily infuscated with brown above 
the white line and at sides. 

Genitalia: Female last ventral segment with posterior margin roundedly produced. Male 
pygofers one-fourth longer than plates. Styles with apical third abruptly narrowed and produced 
as slender finger-like processes which curve outwardly. Dorsal portion of aedeagus with a long 
slender ventral process which is sinuate and tapered to apex where it is slightly enlarged. Ventral 
paired processes long and narrowed to apex. Pygofer long, narrowed to a blunt, produced apex. 

This is the common ydlow faced species occurring in southern Illinois and Indiana and is 
undoubtedly the species which Say described. A neotype is erected at this time in order to 
establish a definite character for future identification. Neotype collected at Greenwood, Wis¬ 
consin, August 19, 1916. 

Clotntiianus fllamcntiu n. sp. 

ResembUng acvtus in form and general appearance, but paler in color and mth a shorter 
dorsal aedeagus in males and a blunter pygofer. length 5 mm. 

Vertex two-thirds os wide between eyes at base as median length. 

Color: Light brown with three pale vittae Ufi apical portion. Pronotum with the usual pale 
vittae. Apical half of scutellum pale. Elytra rather sparsely inorate with pale brown so that 


‘Can. Ent., 43: 216-220, 1931. 
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many areolar spots and pale areas are seen throughout the surface. Face ydlow with brown 
margin above. 

Genitalia: Female last ventral segment with posterior margin roimdedly produced. Male 
styles narrow, gradually narrowed just beyond middle to narrow curved apical processes which 
are more than one-third the length of the style. Dorsal portion of aedeagus with an elongated 
narrow process which is shorter than in acutus. Ventral paired processes long, slender, extending 
almost to apex of pygofer. Pygofer more blunt at apex than acutus. 

Holotype male and paratype male from Greenville, Pennsylvania, July 14, 1922. Collected 
by the author. 

Types in author’s collection. 


Cloanthanus tenuis n. sp. 

Resembling acutus in form and general appearance but with a shorter basally rounded dorsn)" 
process of the aedeagus. Length 4.5 mm. 

Vertex a little more than half as wide between eyes at base as median length. 

Color: Pale brown, vertex with pale longitudinal vittae especially on apical portion of vertex. 
Pronotum darker on disc, scutellum with apical portion orange yellow Elytra marked with pale 
brf)wnish irrorations leaving many pale areas and areolar spot.s. Face yellow with a brown 
border above. 

Genitalia: Male styles with short finger-like processes at apex which are about one-fifth the 
length of the styles. Dorsal portion of aedeagus medium in length, narrow and with base sharply 
curved. Ventral paired processes of aedeagus long and slender, reaching to apex of pygofer. 

Holotype male, Capa, South Dakota, August 27, 1919 (Sevenn), Paratype male, Pish 
Lake, Utah, September 2, 1930, collected by the author. 

Types in author’s collection. 


Cloanthanus hastus n. sp. 

Resembling acutus in form and general appearance but with a pale brown face Length 
4,5 mm. 

Vertex elongate, sharply angled, decidedly more than half as wide between eyes at base as 
median length. 

Color: Rather dark brown, vertex with median apical vitta and slender elongate lines pale. 
Pronotum with five longitudinal vittae. Elytra rather heavily irrorate with brown, veins brown. 
Many pale areas and areolar spots. Face pale brown. 

Genitalia: Female last ventral segment roundedly produced on posterior margin. Male 
plates almost as long as pygofer, gradually narrowed to blunt apices. Style elongate with an 
abruptly narrowed finger-like prot'css on inner margin of ai>ex which is almost one-third the 
length of the style. Aedeagus with the dorsal portion rather short and thickened and bluntly 
jKDinted at base. Paired ventral processes long and narrow to apical fifth which is widened 
to form spear-like blades which are pointed at apex and bear a small spine on the upper surface 
about one-fourth the distance from apex. 

Holotype male, Dixon, Illinois, September 17, 1935; allotype female from O^ark, Illinois, 
May 18, 1932. Male and female paratypea from same localities and from Cave in Rock, Galena, 
Centralia, White Pine, Dolson, Mahomet, Des Plaines, Pulaski, Waucanda, Fairfield, Herod, 
Jeff, Eichom, Alton, Vienna, and Keithsburg, Illinois; Cranmoor, Wisconsin; Cantwell Cliffs, 
Ohio; and Neosha, Missouri. 

Holotype, allotype and paratypes in Illinois Natural History Survey collection. Paratypes^ 
in author’s collection. 


Cloanthanus argutus n. sp. 

In form and general appearance resembling hesius but smaller and with distinct male genitalia. 
Length 4 mm. 

Vertex rather sharply angled, a little more than half as wide as median length, one-fourth 
longer than pronotum. 
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Color; Dark brown with pale markings. Vertex with conspicuous pale longitudinal vittae. 
Pronotum with several pale punctate spots. 'EXytru. with brown veins and irrorate markings, 
leaving pale areas throughout and several round pale areolar spots. Pace dull yellow below, 
brown above. 

Genitalia; Female last ventral segment roundedly produced on posterior margin. Mate 
plates shorter than pygofer, gradually sloping to bluntly pointed apices. Styles narrowed some¬ 
what at about three*fourths their length, apices rather broad, blunt at apex and produced about 
one-fourth the length of style. Dorsal portion of style medium in length, a little narrower at 
apex than base. Ventral paired processes with apical third widened to form a narrow blade 
which does not bear a spine on dorsal margin. The pygofer is rather broadly rounded at apex. 

Holotype male, allotype female Snd female paratype from Cornelia, Georgia, June 18, 1925. 
Collected by the author. Type in author’s collection. 

Cloanthanus lanceus n. sp. 

A small sharp headed species resembling argutus in general appearance but smaller and with 
different genitalia. Length 4 mm 

Vertex sharply pointed, almost half as wide between eyes at base as median length. 

Color: Vertex pale brownish with longitudinal pale markings. Pronotum dark brown with 
five pale longitudinal vittae. Sou tell urn paler, apex pale brown. Elytra finely irrorate with 
dark brown, only a few pale spots visible and with few areolar spots. Face uniform dull yellow 
to pale brown without infuscation above. 

Genitalia: Female last ventral segment roundedly produced on posterior margin, Male style 
notched on outer margin at about three-fourths its length, forming a finger-like process which is 
produced to form the apex of the style. Dorsal portion of aedeagus medium in length with a 
sharp bend at base Ventral paired processes curved through the bend in the dorsal portion, their 
apices broadened to form blade-like apices which extend about one-fourth the length of proc'ess 
and bear a pointed heel on upper, inner angle of blade ’ 

Holotype male, allotype female and male and female paratypes collected at Birmingham, 
Alabama, June 16, 1925, by the author. 

Types in author’s collec-tion. 


Cloanthanus varius n. sp. 

Resembling magdalensis in form but with vertex white mottled with brown and with distinct 
male aedeagus. Length 4 mm. 

Vertex short, blunt, more than three-fourths as wide between eyes at base as median length. 

Color; Vertex white with a marginal bar either side at apex and longitudinal brown vittae 
at apex and between eyes, giving it a transversely banded appearance. Pronotum dark brown. 
Scutellum tawny with white spots on median portion. Elytra brown, heavily irrorate with dark 
brown, mottled appearance of lighter coloration and paler areolar spots. Face heavily irrorate 
with brown. 

Genit^ia: Female last ventral segment roundedly produced on posterior margin. Male 
pygofer decidedly longer than plates. The apical one-third of style narrowed to a slender curved 
finger-Uke process. Dorsal portion of aedeagus rather long, constricted just before apex. Ventral 
paired processes broadened on apical fourth to form a blade. Spine on upper margin about 
one-third the distance from apex and bent inwardly on dorsal margin. 

Holotype male, allotype female and male and female paratypes from Monticello, Illinois, 
June 11, 1934 (Prison and DeLong), Paratype females, \^ite Pine State Park, July 12, 1934 
(DeLong and Ross), Starved Rock, July 14, 1932 (Dozier and Park), Dixon Springs, July 9, 
1936 (DeLong and Ross), Marshall, S^tember 27, 1935 (Prison and Ross), Elizabethtown, 
Illinois, June 25, 1932 (Ross, Dozier and Park). 

Holotype, allotype and paratypes in Illinois Natural History Survey collection. Paratypes 
in author’s collection. 
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Cloanthanus vaccinium n. sp. 

A short broad-headed species resembling magdalensts but with distinct genitalia. Length 
4.6 mm. 

Vertex short, three-fourths as wide between eyes at base as median length. 

Color: Vertex brown, appearing banded with conspicuous elongate white vittae at middle 
of apex and base. Elytra dull brown with scattere<l darker brown irrorations. Veins brown. 
White areolar spots along commissure of clavus and in base of apical and apex of anteapical celhs. 
Face heavily irrorate with brown. 

Genitalia: Female last ventral segment with posterior margin roundedly produced. Male 
styles abruptly narrowed at two-thirds their length, apical third finger-like and curving slightly 
outwardly. Dorsal ^>ortion of aede*igus broadly curved at base, narrowed on anterior margin 
at apex. Ventral paired processes with apical third broadened into blade-hke [>ortions. A 
large conspicuous spine on dorsal margin more than one-third the distance from apex. 

Holotype male, allotype female and male and female paratypes from Antioch, Illinois, August 
24, 1935. Female paratypes from Volo, Grand Detour, and Dixon, Illinois. 

Holotyi^e, allotype and paratypes in Illinois Natural History Survey collection. Paratypes 
in author’s collection. 


Cloanthanus atratus n. sp. 

Form and general appearance of vacctntum but with narrower aedeagus blades Length 
4 mm. 

Vertex about three-fourths as wide at base as median length. 

Color: Brown, vertex with few pale markings, a short apical median conspicuous vitta. 
Elytra brown w^th browm veins and scattered browm irrorations, leiiving many pale areas and 
white areolar spots. Face heavily irrorate with brown. 

Genitalia: Male plates decidedly shorter than pygofer Styles with short narrow apical 
processes which are atxmt one-fourth the length of style. Dorsal portion of aedeagus broad 
at base, narrowed on apical fourth. Ventral paired processes with apical third widened to form 
narrow blades. A small spine is on dorsal margin more than one-third the distance from apex 

Holotype male and paratype male collected at Castle Rocl, Oregon, Illinois, June 30, 1936 
(DcLong and Ross). 

Types in Illinois Natural History Survey collection. 

Cloanthanus triangularis n $p. 

Re.sembling magdalensts but with a more pointed vertex and different male aedeagus. 
Length 4 mm. 

Vertex sharply angled, almost twice as long at middle as basal width between the eyes. 

Color: Dark brown with slender pale vittae on vertex. Elytra pale brown, irrorate with 
darker brown, leaving many pale areas and areolar spots. Veins brown. Face heavily irrorate 
with brown. 

Genitalia: Female last ventral segment with posterior margin roundedly produced. Male 
plates almost as long as pygofer. Styles with apical third narrowed and produced as finger-like 
processes. Dorsal portion of aedeagus rather short, narrowed to blunt apex. Ventral paired 
processes enlarged near apex to form large pointed spines on upper surface which are about 
one-sixth the distance from apex. 

Holotype male, aUotype female and male and female paratypes from Shawneetown, Illinois, 
June 14, 1934 (Ross and DeLong) and June 27, 1934 (DeLong and Mohr). 

Holotype, allotype and paratype in Illinois Natural Survey collection. Paratypes in author's 
collection. 

Cloanthanus parvus var. higer n. var. 

Resembling parvus in size and general appearance but with shoiter, blunter vertex and darker 
in color. Length 3.5 mm. 
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Vertex blunt at apex, two-thirds as wide between eyes at base as median length. 

Color: Dark brown, vertex heavily irrorate with a few pale longitudinal markings. Pronotum 
with five pale vittae. Scutellum paler. Elytra irrorate with brown, leaving many pale spots 
and white areoles. Face pale brownish. 

Genitalia: Female last ventral segment roundedly produced on posterior margin. Male 
genitalia similar to parvus. The dorsal portion of the aedeagus is short and rather thick and is 
broadly rounded at base. The ventral paired processes are slender throughout. 

Holotype male, allotype female and male and female para types from Birmingham, Alabama 
June 16, 1925, collected by the author. In general appearance this appears to be distmct from 
parvus. 

Types in author’s collection. 


BLACK WIDOW SPIDER (LATRODECTUS MACTANS (FABR.) ) 

DISTRIBUTION IN OHIO 

Supplement 

FRANK M. SEMANS, 

Entomologist, 

North Jackson, Ohio 

Since the publication of the original paper^ a number of new records have 
been added which increase the total number of Ohio counties in which the black 
widow spider has been found from thirty-two to thirty-seven. The five additional 
counties are in the area described in the original paper. The thirty-seven counties 
are as follows (from Oxford to Youngstown): Butler, Hamilton, Warren, Clermont, 
Clinton, Brown, Adams, Pickaway, Ross, Pike, Scioto, Ashland, Richland, Knox, 
Licking, Fairfield, Hocking, Vinton, Jackson, Gallia, Lawrence, Holmes, Coshocton, 
Muskingum, Perry, Morgan, Athens, Stark, Tuscarawas, Guernsey, Noble, Wash¬ 
ington, Carroll, Belmont, Monroe, Columbiana, Mahoning. In the hilly area 
of Ohio, the counties from which no black widow spiders have been reported arc: 
Highland, Meigs, Harrison, and Jefferson, No new locations have been reported 
since January, 1942. 


*Semans. Frank Merrick, 1941, "Black Widow Spider {Latrodectus macians Fab.) Dis¬ 
tribution in Ohio," O. Jour. Sci,, 41: 380, 1941, 


Chandler’s Parasitology 

This new edition of a well known textbook contains an amazing amount of new information 
and the publisher's announcement of a completely rewritten book is entirely justified. At first 
glance, however, it looks much like its predecessors due to the fact that the illustrations are the 
same and many introductory remarks are identical with previous editions. Careful reading 
reveals that Doctor Chandler has thoroughly covered and appraised recent literature and his 
labors make the tasks of teachers and research workers easier. 

The new size due to smaller margins and thinner paper, we hope, will continue in future 
editions which will appear after all thoughts of the present paper shortage have passed. 

—C. £. Venard. 

Introduction to parasitolocy with spocUd reference to the paruitei of mtUi by Asa C. 

Chandler. x~h716 pages, 309 illustrations, 7th edition. 1944. Price $5.00. 
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FUELING A GLOBAL WAR* 

An Adventure in Statecraft 

MAX W. BALL, 

Petroleum Geologist, Special Assistant to Deputy Petroleum Administrator, 
Petroleum Administration for War, 

Washington 25, D. C. 

My story is a story of the American spirit in action. My theme is a unique 
adventure in statecraft. My example is a form of government-industry 
cooperation that has made possible the impossible. Specifically, my example 
is the fueling and lubricating of the greatest annament the world has ever seen: 
more planes than ever before swept the skies; more vehicles and armor than ever 
before roamed the land; more ships than ever before ploughed the seas; more 
landing craft than ever crawled ashore. The story is one of grueling effort and 
hard-won success; of achievement through a new form of industry-government 
teamwork. 


THE VITAL MUNITION 

Napoleon once remarked that *^an army marches on its stomach." Today 
an army marches-- and a navy sails and an airplane flies—on its fuel tanks. More 
than 65 per cent of all the tonnage shipped oversea^ *s liquid fuel—gasoline, diesel 
fuel, and fuel oil. Think that over for a moment: The oil required to fuel and 
support our armament is nearly double the tonnage of the armament itself, the 
shells and cartridges for the guns, the food, shelter, medical supplies, and creature 
comforts for the men, the repair parts and replacements for the equipment, and 
all other supplies. 

ARMAMENT WITHOUT OIL 

What good would all our annament be without fuel and lubricants? None 
whatever. Deprived of mobility it would be just so much scrap, useful only 
on the salvage dump. Without gasoline, a fair-grounds balloon is better than 
an airplane, and a bicycle than the fleetest staff car built. Without fuel oil a 
Chinese junk is a better craft than the mightiest battleship. Without lubricants, 
no plane or gun or tank or car or ship could move through even the shortest cam- 
paigti. Equipment without fuel and lubricants is as bad as a rifle without 
cartridges; a good stout club is a better weapon. 

MILITARY USE 

I am not free to give you figures on the total quantities of the various oil 
products required, but I can give you a few comparisons, from which you can 
do your own addition and multiplication. A tank car load of gasoline would 


‘John Adams Bownocker Memorial Lecture given January 16, 1945, through cooperation 
of the Bownocker Fund, Department of Geology, the Ohio State University, and the Ohio 
State Chapter of the Society of Sigma Xi. 
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fill the ordinary civilian's car for nearly 14 peacetime years, but it will fill the 
tanks of a B-29 only once. Aviation gasoline consumption has increased by more 
than 1,000 per cent since Pearl Harbor. 

Present aviation gasolitie requirements for our air forces are 14 times 
the total gasoline for all purposes shipped to Europe at the height of the last war. 
Our air forces alone arc using more gasoline per day than all the trucks 
and buses in the United States. If these are the requirements of the air, try to 
compute the gasoline and diesel fuel consumed by ground equipment“-tanks, 
trucks, tractors, guns, armored cars, jeeps, and all the rest—in western Europe 
alone. Then add Italy and the Pacific area and the rest of the fronts, and the 
supply areas back of the fronts. The Navy, which operates on the sea, has more 
than 140,000 vehicles operating on land. Try to imagine, then, how many the 
Army must have! When that gets beyond your grasp, stupefy your imagination 
by thinking how much fuel oil is consumed by the ships of the Navy, Coast Guard, 
and the merchant fleet, operating on the seven seas. It is greater than the entire 
marine fuel consumption of the world a few short years ago. 

At every beat of your heart enough oil goes overseas to run a car from Fair¬ 
banks, Ala^a, across Canada, the United States, and Mexico nearly to Central 
America. Military use and overseas shipments in 1044 would have buried the 
whole of Manhattan Island under nearly four feet of oil. 

ESSENTIAL DOMESTIC USE 

Then, when you think you have an adequate conception of overseas and offshore 
requirements, add essential domestic consumption. War plants and plants 
making essential goods must run; many of them run on fuel oil or natural gas; 
all of them require lubricants. Houses and offices and apartment buildings and 
hotels must be heated; many of them arc equipped to bum nothing but oil, and 
no other equipment can be had. Unless farm tractors and trucks were supplied 
with gas and oil the production of food would decrease alarmingly. Diesel and 
oil-burning locomotives must run; otherwise the railroads would face an even 
greater problem than they do. Unless cross-country buses and trucks can run, 
the task of the railroads would become impossible and many communities would 
be marooned without transportation. Unless urban buses and tmeks can run, 
workers could not get to and from their jobs, food and supplies could not be dis¬ 
tributed, and the productive activities of our cities would soon be demoralized. 
Without gasoline hundreds of thousands of workers could not get to their jobs 
and thousands of executives and professional men could not go about their necessary 
businesses. Even the ordinary civilian needs to drive a few miles now and then; 
his pattern of living was designed on gasoline. 

Rationing of gasoline and fuel oil, conversion to other fuels and other con¬ 
servation measures have somewhat curtailed civilian consumption—otherwise 
military demands could not have been met—but the curtailment has been largely 
offset by the needs of a vastly expanded war industry. Civilian consumption 
is considerably below its volume before Pearl Harbor, but is still about two and 
a half times military consumption. In an industrialized nation, the home front 
requires even more oil than the fighting fronts. 

ALLIED AND NEUTRAL NATIONS 

That still is not all. We are not fighting this war alone, thank God, on either 
the fighting or the production fronts. The armies, the navies, and the air forces 
of our fighting allies must be supplied with fuel. Their industries and their 
essential civilian uses must be supplied as well The civilian economies of liberated 
areas must be restored as rapidly as possible, for military and productive as well 
as humanitarian reasons, and oil products bear a large part in the restoration. 

It should be said, in passing, that the civilian economies of our allies and of 
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neutral and liberated nations have not been supplied with anything like the gen¬ 
erosity accorded to our own. It has been years since an English civilian, for 
example, could drive his car to market for the week’s groceries or meet a baggage¬ 
laden friend at the station. 

Except for Russia, most of these oil products must perforce come from the 
United States. The fields of Latin America and the Middle East are being utilized 
to the limit of available refining and transportation facilities. Their facilities and 
output have been and are being expanded as rapidly as time, distance, and avail¬ 
ability of materials permit; faster, proportionately, than those in this country. 
Nevertheless, the producing and refining facilities of the United States must still 
carry most of the burden. To our own military and domestic consumption, then, 
must be added a good share of the military and essential civilian consumption 
of the allied, neutral, and liberated countries. 

THE MULTITUDE OK PRODUCT^ 

The staggering quantities are only half the story. The job is as complex 
as it is stupendous Jeeps won’t run on diesel fuel or tanks on heavy fuel oil or 
battleships on gasoline. Planes would be sitting ducks for the enemy if fueled 
with motor gasoline. Carriers and PT boats don’t use the same fuel. The oil 
that heats an apartment house would not run your car or fuel an industrial plant. 
Diesel trucks and buses can’t use gasoline, and the fuel for diesel locomotives 
differs from that for diesel trucks and buses As for lubricants, their variety is 
bewildering. Motor oil for jeeps won’t do for the engines in a carrier. The 
turbines in a battleship require different lubricants than the generators or 
the gun turrets or the recoil mechanisms or the ammunition hoists. A B-29 
uses 26 different oil products and derivatives. The number of different oil products 
used in essential industries is too great to enumerate. 

Someone has said that winning a war is a matter of having enough of the 
right things at the right places at the right time, but enough oil to the right place 
at the right time is no good unless the oil is of the right kind. Each petroleum 
product, whether aviation gasoline, heavy fuel oil. Arctic motor oil, or axle grease, 
must be tailor-made for its particular use; it must be made in the right quantities; 
and it must be where it is needed, when it is needed. Time, place, quantity, and 
kind are the essential elements. 

CRUDE OILS AND REFINERIES 

Can you visualize the job of meeting these requirements.^ There are almost 
as many different kinds of crude oil as there are major oil fields. Some crudes 
are well adapted to making aviation fuel, some are not. Some are high in total 
gasoline yield, some are low. Some yield excellent lubricants, others do not 
Some make more and better diesel fuel than others. Some are most notable for 
their heavy fuel oil yields. 

Moreover, no crude oil is converted wholly into a single product such as 
gasp^e or fuel oil or lubricants. Every crude yields from a half dozen to a half 
humfred or more products, the number, quantity, and quality of each depending 
partly on the character of the crude and partly on the refining processes to which 
it is subjected. 

These refining processes are in themselves numerous and complex, and the 
units in which they are carried out are adapted to only one general type of operation. 
Refinery equipment is not ordered out of stock in standard shapes and sizes. 
Each piece is individually designed and built to produce certain products out of 
a certain raw material. A plant built to mdke maximum motor gasoline from 
East Texas crude cannot be converted overnight to m^e maximum lubricating 
stock from Gulf Coast crude; a large part of it would have to be redesigned and 
rebuilt, and after the change was made its secondary products—furnace oil, diesel 
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fuel, heavy fuels, and the rest—might be entirely different from what it made 
before. 

Every one of the secondary products from every plant is important, for the 
secondary product of a plant is the primary fuel or lubricant in some specific use. 
It follows that if the right product is to be at the right place at the right time in 
the right quantity, the right crude must be processed in the right refinery, far 
enough in advance to permit delivery where needed when needed. 

To produce the crude oil in the respective fields, get each grade to the refineries 
best fitted to use it, make the needed products, and distribute the products to 
the points of use requires a far-flung inter-related system of wells, refineries, pipe 
lines, tankers, tank barges, tank cars, tank trucks, terminals, ports, and loading 
facilities, each part of which must be correlated with the rest of the system. Sup¬ 
plying the world with oil, even in peace time, is a complex business. 

WARTIME COMPLICATIONS 

Into this already complex business the war has introduced endless new com¬ 
plications. Millions of barrels of new products have been required, specifications 
for old products have been changed, increased yields of some products have been 
demanded and decreased yields of others, and the relative demand for eac'h product 
has changed from month to month. The needs of individual refineries for crudes 
of particular characteristics have shifted. The supply of some crudes has dimin¬ 
ished and of others has increased. 

Many tankers depended on to carry crude from the fields to the refineries 
have been sunk by the enemy or diverted to carrying products overseas. Overland 
transportation by pipe line, tank car, tank truck, and barge has had to replace 
coastwise and lake shipping. New pipe lines have had to be built and old ones 
relaid or reversed. Terminal and loading facilities have had to be pooled. The 
entire oil transportation system east of the Rockies-has had to be revamped, one 
of the most intricate transportation systems in the world, built up through more 
than 50 years of trial and error. 

Shortages of materials and men have imposed further -difficulties. I'he oil 
business uses huge tonnages of steel, copper, lead, and other metals, great quantities 
of chemicals, thousands of specialized geologists, chemists, and engineers, and 
hundreds of thousands of highly-skilled workmen. 

Called on for a ^eat expansion of output, it would normally have increased 
its use of both materials and men. Yet both materials and men have been needed 
by the armed services and by other essential industries. Greatly increased output 
of petroleum products has therefore had to be achieved with a decreased amount 
of materials and fewer men. Fueling and lubricating a global war wouldn't be 
half so tough if it didn't have to be done in wartime. 

ONLY THE INDUSTRY COUI.D DO IT 

Have I succeeded in giving you a conception of the magnitude and complexity 
of the job? Five years ago almost any oil man would have declared the ta^ 
impossible. No informed person who could have foreseen the needs would have 
believed that the petroleum industry could supply them. Yet the petroleum 
industry is doing it. No one else could possibly do it. Only an industry with 
a pre-war total initial investment of 15 billion dollars, the second largest industry 
in the United States, could think of doing it. Before the war the industry was 
accustomed to producing and refining upwards of three million barrels of oil per 
day, and delivering the products to cross roads and main street intersections, 
from coast to coast and border to border. Only an industry with the competence^ 
the technical skill, the adaptability, and the ingenuity to carry on such far-flung^ 
complex, and constantly changing operations as a daily routine—only such an 
industry would have known how to start. That fact is obvious, A second fact 
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is almost as obvious; Although the industry alone could do the job, it could not 
do the job alone, for a number of reasons. In the first place, it lacked the necessary 
coherence and centralization; it was too competitive. 

THE COMPETITIVE SPIRIT 

Those of you who still think of the oil business as a monopoly, an octopus 
with one head and many tentacles, are about thirty years behind the times. Those 
filling stations at cross roads and street intersections cost money, plenty of money. 
Would a monopoly have built them to get your business? A monopoly would 
get your business without such expenditures; you might not like to go five miles 
instead of five blocks to get your gasoline, but you would do it—and use more 
gasoline in the doing. Would a monopoly have cut the price of tax-free gasoline 
in two from 1920 to 1938? The oil business did. Would a monopoly have increased 
the average octane rating of your gasoline by 10 points in the same period while 
it was cutting the price in half? The oil business did. The idea that the oil 
business is a monopoly is as out of date as button shoes and hobble skirts. 

Those filling stations, the improved quality represented by those extra octane 
numbers, and those price cuts have come about because thousands of producers, 
refiners, and marketers, big and little, arc each trying to get more business and 
keep it. The oil man’s creed about additional business is simple: Find it, create 
it, develop it, or take it, but get it. An oil man scarcely dares to take a nap, 
lest some competitor discover a new field or develop a new process or tic up a market 
that he could have had if he had stayed awake. If there is an industry more 
competitive than the oil business, count me out of it. 

Now all this competition is a grand thing in time of peace. It means higher 
quality, lower prices, better service, millions of dollars a year spent in research, 
technologic advancement so rapid that a plant may be obsolete by the time it 
is completed, all of which redounds to the public good. It may also be a grand 
thing in time of war, provided that competitive practices do not interfere with a 
coherent, unified, one-for-all effort to do an all-out emergency job. 

Unfortunately, some competitive patterns do jusj: that. A producer who has 
a surplus of drilling rigs doesn’t ordinarily turn them over to his neighbor who 
may have none, yet it may be important to the war effort that the neighbor’s 
lease be drilled. A refiner who has contracted for a crude supply doesn’t normally 
divert part to his competitor, even though the competitor’s plant might make more 
100-octane gasoline from it. A marketer with excess terminal capacity doesn’t 
usually invite his competitors to use the excess, A company that has spent a 
million dollars developing a process to make better gasoline at lower cost isn’t 
likely to throw it open for the world to use. Yet some of these things were bound 
to be necessary. Could and would oil men forego competitive practices so far as 
required for the common good ? 

GUIDANCE AND PROTECTION NECESSARY 

Suppose they did? Suppose that every man in the oil business could lay his 
ingrtdned competitive instincts completely on the altar of the war effort, who 
would tell him how to make his sacrifice, where his tools or his crude oil were 
most urgently needed, what competitors would make the best use of his processes 
or his excess facilities? "Who would tell him how much to give and to whom? 
Most important of all, who would protect him from fine and imprisonment for 
doing things that in war are called cooperation but in peace are called collusion ? 
Oil men hesitate to lunch with a competitor, for fear of an anti-trust investigation. 

Moreover, who would protect the industry.from its own sharp-shooters, those 
who might refuse to cooperate, who might Imife a competitor behind the screen 
of war activity? Such Aarpshooters would be few and under normal conditions 
unimportant, but one small monkey wrench can wreck a big machine, when the 
machine is running at the speed the oil industry would have to maintain. 
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WHO WOULD PLAN AND PROGRAM 

Second, if the industry were to attempt the job alone, who would plan and 
program it? Who would coordinate the productive efforts of thousands of pro¬ 
ducing, refining, transportation, and marketing companies to meet the needs 
of a dozen armed services and a score of civilian economies^ Who would 
analyze and predict the needs of our own armed services, merchant marine, and 
civilian economy, those of our allies, and the civilian economies of the neutral 
and liberated countries? Who, when such a program of needs had been drawn 
for as far ahead as might be, would determine how much of which product should 
come from where, in order that the needs might be met? 

If the tremendous needs of the war were to be met with the limited materials 
and men available, the output of every well, every natural gasoline plant, every 
refinery and every unit in every refinery, would have to go to the plant, the port, 
or the consumer where it would do the most good. The transportation of every 
barrel would have to be planned so that tanker space, always in short supply 
and subject to enemy action, might be utilized to the best advantage and wherever 
possible be replaced by overland transportation To save transportation, supplies 
for each point of use should be lifted from the nearest available source, a matter 
that in itself would require far-sighted programming. 

Such planning must not only cut across all competitive lines, it must be world¬ 
wide in its scope, cutting across all international boundaries. Here clearly was a 
task beyond the capacities of a vast but competitive industry. 

WHO WOULD DEAL WITH FOREIGN POWERS 

Even though the industry could legally achieve a degree of unity enabling 
it to disregard competitive boundaries, it could not without governmental powers 
disregard international boundaries Only an agency of government could deal 
with allied and neutral governments, gathering the information, conducting the 
negotiations, and doing, with them, the world-wide planning necessary to success. 

WHO WOULD DEAL WITH DOMESTIC AGENCIES 

Who, for that matter, would deal with the numerous agencies of our own 
government that in wartime perforce have some connection with the oil effort? 
There are thirty to forty of them—I have not taken time to count them—including 
the Geological Survey, the Bureau of Mines, various bureaus of the Treasury 
Department, the Department of Justice, the Interstate Commerce Commission, the 
Office of Defense Transportation, Defense Plant Corporation, Defense Supplies 
Corporation, the War Manpower Commission, the Office of Price Administration, 
the War Production Board, and a host of others. With the necessary wartime 
concern of these agencies in his business, an oil man would almost have to spend 
his full time in Washington, with a retinue of guides and special representatives, 
if he had to deal directly with all of them. 

If his war effort were to be effective, there must be an agency with which he 
could deal, and with which alone he need deal except as it took him to other agencies* 

WHO WOULD OBTAIN THE MATERIALS 

Finally, in wartime Washington with its vital control over vital materials, 
who would get the indust^ the materials for its wartime needs ? 

The industry requires iron and steel and copper in large quantities. It requires 
pipe and pumps and valves and compressors and engines and trucks and instru¬ 
ments. It requires tires and hose and rubber tubing. It cannot function without 
tankers and tank cars and tank barges and tank trucks. It uses chemicals and 
lots of them. It requires a hundred other things. The oil business is not only 
a huge producer; it is also a voracious consunjer. How, in an ever-tightening 
market, would it get the diet of materials it would have to have? 
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Most of the materials were in limited supply. Already the government had 
set up agencies to apportion the available quantities where they would do the 
most good. If a half million producers and refiners and distributors should descend 
upon the agencies, each clamoring for what he wanted, would each of them get 
what he should have and only what he should have for his war effort? Would 
the industry as a whole get what it should have? Would the limited supply 
that could be allocated to the oil business be placed where it was most urgently 
needed? Obviously not. Someone who knew the problems and the needs of 
the business as a whole would have to screen and consolidate the applications, 
then press the industry’s claim for enough materials for its job, and then see that 
they were efficiently used where they would do the most wartime good. There 
would have to be what Washington has come to call a “claimant agency.” 

THE G0VT-:RNMENT must provide AN AGENCY 

No, the industry as such could not do the war job alone; there must be an 
agency to guide, coordinate, and where necessary direct the effort, to represent 
the war-conceived necessities of the industry, to deal with foreign governments, 
and, in conjunction with them, to plan the worldwide program that the industry 
would carry out. The government itself, through an agency created for the pur¬ 
pose, must guide, coordinate, direct, and represent. 

Thus, inescapably, the Office of Petroleum Coordinator was established on 
May 2S, 1941, with S^retary of the Interior Ickes as Coordinator, and on December 
2, 1042, this was changed to the present Petroleum Administration for War, PAW 
for short, with Mr. Ickes as Administrator. 

operation or cooperation 

At the outset, a vital derision had to be made; Should the goveniment take 
over and operate the industry? There were men who thought that only through 
government operation could competition be subdued into cooperation, could 
the know-how of the industry and the authority of the government be brought 
together. There were men who believed in government ownership in peace as 
well as war, and who thought this an opportunity that should not be missed. 
There may even have been men—little men—whose fingers itched for the giant 
authority that government operation might give them. Advocates of government 
operation were not wanting, 

Mr. Ickes, however, had a greater vision, a plan by which the industry and 
the government should go to work together. The tremendous strength of the 
industry, the vigor and virility bred into it by competition, should be kept 
unimpaired and be utilized to the full in the mightest war effort man had ever 
seen. From the industry’s great store of talent should be drawn in large part 
the government organization to aid and guide and administer the effort. Team¬ 
work between the two should be assured by industry committees working intimately 
with the administrative units. Thus closely integrated, each doing the part that 
it alone could do, industry and government would do the job together. Whether 
we may think as much of Mr. Ickes as Mr. Roosevelt has shown that he does, 
or as little as Mr. Dewey, for example, has said that he does, one fact is clear; 
his handling of the oil situation during the war has been that of a great statesman. 

staffing the agency 

His first act was to pick as Deputy Petroleum Administrator, to run the job, 
an outstanding oil company executive, the -type who combines administrative 
force with vision and public spirit, Ralph K. Davies, executive vice-president of 
Standard of California. 

Some men would have been hesitaht lest they be accused of favoritism or 
would have been fearful that oil men might grind private axes in public positions. 
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Mr. Ickes had more faith in human nature. He encouraged Mr. Davies to staff 
from top to bottom with men who knew oil and the oil business* drawn chiefly 
from the industry^ with a leaven of such men from government technical bureaus, 
state agencies, and educational institutions as, were qualified and available. 

To assure breadth of knowledge and balanced point of view, the men were 
drawn from all branches and phases of the industry, from such related industries 
as the construction and supply companies, from all parts of the country, and from 
big and little companies alike. The great major companies and the small but 
vital independents were evenly represented so far as possible. For fairness and 
impartiality, reliance was plac^ on the integrity and patriotism of the men selected 
and their diversity of background. No man passes on any matter that deals with 
the company with which he was formerly connected. If anyone did attempt to 
favor a former affiliation, it would most certainly be caught by some one of the 
other men through whose hands it must pass, men with different former affiliations. 
These precautions have proved notably unnecessary. An able and unselfish 
executive who spent three years in PAW, and left recently to go back to the 
industry, remarlred on leaving that he had not seen a single attempt by any PAW 
man to favor his former company. After all. these are high-type men; such men 
are prone to intensive singleness of purpose; and the purpose of all of them is to 
win the war. 

POLITICS AND ECONOMICS 

Political affiliation and economic views, likewise, were to be neither asked 
nor considered in staffing the organization; men were to be selected for their 
knowledge and ability, not their politics. 

I have spoken in the past tense, but what was true at the start is true today. 
I am a newcomer in the organization. I doubt that Mr. Ickes agrees with some 
of my published views on planned economy, but that did not prevent my being 
drafted for service. No one has asked me whether, in the last four presidential 
elections, I have voted for one man or for four; so far as PAW is concerned, no 
one cares. Almost any day, in the executives’ lunch room, you can hear a rampant 
Republican, or a half dozen, staging an ar^ment with some equally rampant 
New Dealer, openly and fearlessly, or a disciple of Adam Smith battling with a 
disciple of Stuart Chase. But the politics and the economic theories are left 
in the lunch room, along with the tips and the paper napkins. They have no 
part in what goes on in the offices upstairs. 

THE TEAM-WOHK IDEA 

Mr. Ickes' next step, after appointing Mr. Davies, was to call representatives 
of the industry together and explain his plan and his purpose. He emphasized 
that the spirit of both plan and purpose was cooperation rather than coercion. 
The oil men listened politely, then went home to tidy up their bomb-proof shelters. 
These men, you must remember, had been listening for ten years to proposals 
from Washington, ranging from making the oil business a public utility to 
expropriating it. Small wonder that they were skeptical. 

Skepticism lessened, however, when the plan began to function, and the industry 
discovered that it was a full-time working partner, participating fully in the partner¬ 
ship business and in the partnership councils. 

CONTACT WITH THE INDUSTRY 

One of the first things to reassure it was the dispersion of the organization 
into intimate contact with the industry, instead of its concentration in cloistered 
halls in Washington. Mr. Davies decentralized his staff; got as many of his 
men as practicable out into district offices, where the derriclra and refineries and 
bulk stations are. An oil operator no longer had.to go to Washington to present 
his needs or views; consideration was given on the spot by men, trained in the 
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operator’s sp^ial branch or function of the industry. Each district office had a 
staff trained in each function of the business: production, natural gas and natural 
gasoline, refining, transportation, and distribution. 

In Washington each function of the business was represented by a division 
headed and staffed by specialists in that function. The staff included men with 
established reputations as geologists, drillers, production engineers, field superin¬ 
tendents, pipe line builders and operators, refinery engineers, chemists, refinery 
superintendents, research men, sales managers, traffic men, station managers, 
economists, lawyers, accountants, and all the other specialties that go to make 
up the vast and complex organism of the oil business. The industry foimd its 
needs and its problems in the hands of men who knew them and whom the industry 
knew. 

KEEPING THE COOPERATIVE ATTITUDE 

Even an organization drawn largely from the industry, however, might lose 
the cooperative touch if allowed to set itself apart. The possession of authority 
is a great temptation to use it unsparingly. Coercion is often simpler than coopera¬ 
tion. Arbitrary decisions are more quickly and easily reached than joint decisions. 
Autocracy, on the surface, looks more efficient than democracy. Men might be 
pardoned for thinking the fastest and cheapest way to get the job done would 
be for PAW to decide what the industry needed, tell the industry what to do, and 
let the industry then go and do it. 

To their credit be it said that few men in PAW were inclined to this easy but 
dangerous fallacy, and they were soon set right. The men at the top knew better; 
so did virtually all the men in the ranks. The job was too big to be directed by 
a few men temporarily vested with authority. The problems of the war effort 
were too great to be analyzed and solved, unaided, by a government agency. 

The key lay in working together. PAW must not become the autocrat, industry 
the menial. The relationship should always be one of partnership. 

How establish and maintain that relationship? How counteract the natural 
tendency of government bureaus to become autocra^if^, and of industry to look 
with hostility on government guidance.^ How make the effort a joint effort, 
putting behind it all the brains and vigor of the industry, all the power and 
knowledge of the government? Mr. Ickes and Mr. Davies had the answer; the 
right answer, as time has proved. 

THE INDUSTRY COMMITTEES 

In each of PAW’S districts industry committees were formed, one for each 
functional division of the industry: production, natural gas and natural gasoline, 
refining, supply and transportation, distribution and marketing. These com¬ 
mittees work with the corresponding PAW functional directors, district and 
national; the production committee, for example, with the district and national 
directors of production. The chairmen of the five functional committees, with a 
chairman chosen for his grasp of all the functions in the district, constitute a 
district general committee, working with PAW on matters affecting all branches 
of the business in the district. Both the general and the functional committees 
may hav^e special committees and subcommittees performing specific duties or 
dealing with special problems, such as committees on manpower, construction, 
materials, technical data, research, and the like; whatever needs to be covered, 
these district committees cover. Most of them have paid staffs; some of them 
have full-time executives. They bear all the costs of their own work, and a great 
m<my of the members give more time to their committee work than to their company 
duties. 

Note how these committees differ from the industry advisory committees 
attached to so many government bodies. They are not window dressing, existing 
to give occasional advice and to create an illusion of cooperation. They are 
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working bodies. They are advisory in the sense that they have no power to issue 
orders, but it is a rare district order that is not in accord with their judgment. 
They supply most of the facts on which action is based. If more facts are needed, 
they find them and analyze them. On the one hand they recommend actions 
to be taken; on the other they explain to their associates in industry the reasons 
for the actions. They work out solutions to the multitude of problems that arise. 
They carry out approved programs. Many of the ablest executives in the oil 
business serve on these committees, and some of them have given their full time 
to the administration of programs of particular difficulty, programs that averted 
disaster through their patriotic ^orts. 

These committees are a far cry from the purely advisory committees of other 
days and other agencies, useful as some of them may have been. 

SELECTING THE COMMITTEES 

How were the committees selected? Mr. Ickes and Mr. Davies asked the 
industry to submit nominations. Anyone in or connected with the industry could 
submit as many names as he chose. The industry responded with thousands of 
nominations, naming several hundred men. From these the committees were 
appointed, care being taken that on each should be balanced representation between 
the major and the independent companies, big and little, and that all points of 
view should be represented. 

As thus constituted the committees represent an impartial working crovss- 
section of the best talent in each district. 

More than 1,000 men serve on these committees; 1,000 picked men of the 
industry, whose willing services could not be had in any other way. 

THE PETROLEUM INDUSTRY WAR COUNCIL 

The cooperation I have so far described is at the district level, but the plan 
does not stop there; it extends to the top. The industry body which deals with 
matters of national scope, and through which the industry's entire effort is unified, 
is the Petroleum Industry War Council, PIWC for short, made up of 78 top-flight 
industry executives. 

The Council is composed of, first, the chairmen of the district general and 
functional committees; second, the heads of the nineteen trade associations in or 
dependent on the industry; third, outstanding company executives, both major 
and independent, who happen not to be included in one of the other categories; 
and fourth, ex-officio, the chairman of the Foreign Operations Committee, of which 
more anon. 

The Council too has its committees, a long list of them, covering the same 
functional activities as the district functional committees and a number of other 
things sxich as conservation, economics, renegotiation, disposition of government- 
financed facilities, and national oil policy. These committees draw upon the entire 
knowledge of the industry as well as the knowledge of PAW, they confer with 
the appropriate PAW divisions, and they report to the Council or to PAW through 
the Council. 

The Council meets regularly with the chief executives of PAW, and at these 
meetings all the major problems and policies of the worldwide oil situation are 
on the table. The Council, working with the executives of PAW, is the powerhouse 
of industry-government cooperation. 

GLOBAL ATTENTION 

Notice that phrase, *^the worldwide oil situation." The functions of PAW 
do not stop at the water's edge; the cooperation of the industry is not circum¬ 
scribed by our national boundaries. Every gallon of petroleum products produced 
or used by the United Nations anywhere m the world is within the sphere of 
interest and activity. 
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paw's studies of problems and supplies outside the United States are carried 
out by three forei^ divisions headquai^red in Washington, devoted respectively 
to foreign production, foreign refining, and foreign supply and distribution. The 
corresponding industry body is the Foreign Operations Committee. 

The Foreign Operations Committee is to the foreign situation what the 
Petroleum Industry War Council is to the domestic situation. It too has numer^ 
ous committees, functional and geographic, working on every phase of foreign 
production, refining, transportation, and distribution, as intensively and devotedly 
as the committees working on domestic problems. 

paw's foreign divisions also cooperate closely with foreign governments 
and with agencies of our government concerned in foreign affairs, particularly, as 
to the latter, with the State Department, the Foreign Economic Administration, 
and the armed services. Great Britain is represented in Washington by a British 
Petroleum Representative. Without whole-hearted British cooperation much 
of the effectiveness of the worldwide effort would have been lost. Canada’s 
Oil Controller has a representative in the PAW building. Other governments 
either have oil representatives in Washington or keep in touch through their 
embassy staffs or their home offices. 

Thus the world is covered, and many interesting as well as important things 
are given attention: Facilities for making 100-octane gasoline in the Dutch West 
Indies or on the Persian Gulf; multiplying the amount of oil coming out of the 
Caribbean region; providing additional refining facilities for Russia and for Saudi 
Arabia; possible utilization of liberated refineries that the Germans left too fast to 
wreck—these are samples of the things considered. The petroleum problems of’a 
global war are studied under a global microscope and solved by global cooperation. 

HOW' IT WORKS 

If all this seems complex and confusing it is only because the business to be 
done is of infinite variety. In practice the operation is direct and efficient. Let’s 
take an illustration, hypothetical and simpler than most problems: 

One fine morning the Army calls up PAW and s^ys that after a certain date 
it will need an increased monthly supply of a certain special lubricant. The 
directors of PAW'S divisions of production, refining, supply and transportation, 
distribution, materials, and program get together and if necessary get in touch 
with their respective district directors and the industry committees concerned. 
The matter may be taken up in the domestic operating committee, for con¬ 
sideration whether the demand can be met by decreasing some civilian use, whether 
transportation can be made available to deliver the product where the Army 
wants it, whether the program for other products would be thrown out of gear. 
The foreign divisions may be consulted to see whether an overseas source, closer 
to the point of use, could be developed. At length, and more quickly than you 
might think, a decision is reached that the special oil can best be made, with 
minimum disturbance of the output of other essential products, by Gulf Coast 
refineries using a certain grade of Texas crude. The directors of production 
and refining notify their respective district directors at Houston. The district 
director of refining lays the problem before the district refining committee and 
together .they decide that plants A, B, and C at Houston and Beaumont can best 
do the job. After consulting with the plant managements they find that plants 
B and C will need certain additional equipment and half a dozen skilled men to 
install it, and that the new installation at plant B will have to be financed by the 
government. The plants prepare for the necessary change-over and the district 
office informs Washington of the materials, manpower, and money needed. 

Meanwhile the district director of production has met with the district pro¬ 
duction committee and arrangements have been made for the diversion to plants 
A, B, and C of the necessary supply of the desired grade of crude. He too reports 
his results to Washington. 
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In Washington the request for materials, men, and money gets immediate 
attention. The director of the materials division, after studjdng his own files 
and perhaps those of two or three other government agencies, and discussing 
the matter with the PAW construction officer, decides that plants M and N at 
Pittsburgh and Gary can supply the requisite sheets and shapes of special steel, 
and that plants X and Y at ’Marietta and Terre Haute can fabricate them into 
the necessary pressure stills without undue delay to other urgent war orders. 
Then he asks the War Production Board to allocate the necessary critical materials. 
With the support of the Army, he convinces them that the need is great enough 
to warrant the allocation, even though the materials must be taken from the 
tank or some other urgent program. 

The critical materials are allocated and the production and fabrication of 
the steel are given a high priority, high enough to insure plants M, N, X, and 
Y of being able to make deliveiy in time. The director of materials sees that 
the orders are placed and manufacture started. Then his men keep a constant 
check on th^ plants until the orders are completed •and shipped, and he keeps 
plants B and C kiformed of progress. 

While thus engaged the director of refining has taken up the matter of financing 
plant B with Defense Plant Corporation, a thorough check has been made of the 
need and the security, and DPC has agreed to loan the plant the money needed. 

Meanwhile PAW'S labor counselor has gone to work to get those six net^ded 
skilled workmen. He and the manpower committee in Houston may try to 
borrow men from other refineries. They may confer with everybody from the War 
Manpower Commission in Washington and its Regional Director in Dallas clear 
down to half a dozem loc'al draft boards. They may get an improved labor priority, 
arrange for stationing recruiters in favorable employment offices, or even get the 
War Labor Board to grant a wage adjustment. By one means or another they 
get the required men 

Eventually the materials arrive and the men go to work The district refining 
and manpower committees and the district directors keep in constant touch with 
the work, check the technique of the installation, try to keep the men on the* job 
and working at what should be wartime speed, and hasten progress in every way 
they can. When operations start, they check and advise until the new unit is 
in production. 

By the day appointed, the Army begins to receive its increase of the sjiedal 
lubricant. A job has been done, and if you think that it took some doing, you 
should follow some of the tough ones! 

Note the part borne throughout by the industry committees. Only in obtaining 
the allocation of materials and money was PAW forced to travel alone. In every- 
thing else, from the first to the final operation, PAW and industry committees 
worked side by side to get the job done, 

MONETARY VALUE OF COOPERATION 

The services of the men who serve on the industry bodies and the men who 
serve under them in industry capacities are beyond price. Think what an army 
of government men would be required to do the same job. The oil fields and 
refining centers and shipping terminals would be crawling with them. If they 
were to be competent they would have to be taken from the industry—there would 
be no other source—which would leave the industry helpless. 

Their value can not be measured in money, but what they save the government 
in dollars and cents alone should bring prayers of thanksgiving from the taxpayers. 

BATTLES OF THE COUNCIL CHAMBER 

Has the cooperation between the government, and the industry always been 
conducted in a roseate glow of sweetness and light? Not by a couple of thousand 
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light years. Successful oil men are forceful individuals, with strong wills and 
strong opinions. Some are even gifted with strong language. They do not leave 
these assets at home when they accept service with PAW or on an industry 
committee. 

Not all the pitched battles of the war have been in Europe or Africa or the 
Pacific area; some have been fought in Petroleum Industry War Council meetings 
with PAW. Some pretty stiff engagements have taken place in district offices. 

These disputes are the exception, not the rule, but they are not to be taken 
lightly. Some of them have the bite and venom so often charactenstic of a family 
row, and like any other family row they could lead to estrangement and even to 
divorce. That they have hot done so is due to the centripetal force of a common 
objective: The winning of the war. Oil men, inside the government and out, 
are bent on victory, and their disputes are always about ‘"how,” not '‘whether.'’ 

THE PRESERVATION OF THE INDUSTRY 

Joint concentration on the main objective is furthered by a common secondary 
objective, namely, the preservation of the industry. Mr. I ekes and Mr. Davies 
announced at the outset their determination to keep the industry intact, with its 
external and internal competitive vigor unimpaired, and to leave it intac't and 
unimpaired when the war is over. 

When the leaders of the industry' sit in Council with executives of PAW they 
know they are dealing with men who have the ultimate interests of the industry 
at heart, men who for the most part came from the industry and expect to return 
to it and want a healthy industry to return to, but who are determined, never- 
th^ess, that no consideration for the industry or for anyone in it shall interfere 
with winning the war. On this the industry men are equally determined, first 
because they are patnotic Americans, and second because, if the war is not won, 
there will be no free and competitive oil industry Under such circumstances 
agreement far outruns disagreement, and performance outruns both. 

CASUALTIES OF WAR ^ 

The record of maintaining the industry intact has not been perfect. vSome 
producers and refiners and many bulk and filling station operators have been 
caught by the economic dislocations of the war and been forced to fold up A few 
individualists have been unable or unwilling to accommodate themselves to the 
unavoidable paper-work of a government-guided cooperative effort and have 
quit in disgust. These casualties must be charged to Hitler and Hirohito, however, 
and not to Uncle Sam. 

Against them may be set those who, but for the efforts of PAW, would have 
failed through lack of materials or crude or manpower, and those, particularly 
small refiners, who through government financing, or through diversion of crude 
to their plants, are stronger now than when the defense program started. If there 
had been no PAW, the industry's casualty list would almost certainly have been 
much longer than it is. And when the war is over the United States will still 
have a strong and hotly competitive oil industry, made up of majors and inde¬ 
pendents, little companies and big, in about the same balance as before. 

THE THIRD PARTNER 

In addition to the government and the industry, there is a third partner in this 
adventure, the man who owns a car or an oil furnace. His part is to use as little 
as possible. 

How many of us save gasoline by never driving more than 35 miles an hour? 
How many of us, if we have saved a little gasoline, spend it on a Sunday excursion 
or a trip to a football game? How many of us make it a point to know a truck 
driver or station operator who will slip us an extra ten gallons? How many of us 
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lie to the ration board to get a higher ration rating than we need ? How many of 
us unblushingly buy on the black market? How many of us, in short, make a 
practice of chiseling on our boys overseas and essential users at home ? 

Don’t misunderstand me when I mention the boys overseas. The five gallons 
you use for a fishing trip will not come out of their allotment. They’ll get what 
they need if every civilian in the United States has to walk or stay home. But 
that five gallons may be needed to take some war worker to and from his job, 
some overworked doctor on his round of calls, some Red Cross worker on an 
errand of mercy, some public utility service man to stop a house from being flooded 
with gas or a basement with water. Whatever your wishful-thin king friends may 
tell you at the club or on the street comer, there is not enough gasoline to go 
around, and what you use unnecessarily someone else must do without. The 
public is a necessary participant in this unusual and effective partnership. 

A UNIQXTE ADVENTURE 

There you have it: A unique adventure in statecraft on an unprecedented 
scale. 

Dozens of government agencies, now and in the past, have had their industry 
advisory committees. Advisory bodies, prompting from the wings but taking no 
part in the performance, have been a dime a dozen. At the other extreme, total¬ 
itarian countries have taken over whole industries or coerced them into doing the 
will of the State. Even some democratic countries have unified the war effort of 
an industry by assuming its direction and eliminating its internal competition. 

But never before, so far as I know, have a great government and a great industry 
joined in close, coherent, and yet independent team-work, with the industry 
directing its own effort, with government aiding, guiding, and direti^ting only where 
imperative, with every precaution to maintain competitive structure and com* 
petitive spirit unimpaired, with freedom of enterprise conserved and utilized instead 
of suppressed. 

Here is something that students of political science may well study, against 
the day of another emergency which we hope may never come. 

A PATTERN FOR PEACE? 

Whether there is anywhere within it anything of a pattern for peace I also 
leave with you to study. Such tentative thoughts as I may express are purely 
my own, and are strictly unofficial. 

My own belief is that when the emergency is over such authority as PAW has, 
of which it has had to exercise very little, should vanish into the pages of history 
and PAW with it. In my opinion any form of government control, beyond what 
policing may be necessary, will lead eventually to that worst of all forms of 
monopoly, a monopoly controlled by government. 

I am opposed with equal vigor to economic planning dominated by govern¬ 
ment. I fail to see how it can succeed without killing competition, which has 
brought us, to stick to oil as an example, more gasoline of better quality at half 
the price in twenty years. 

I fail to see, moreover, how it can succeed without going the whole road toward 
a government-controlled economy, which is to say statism as exemplified in 
Germany, and every step toward statism is a step away from democracy and 
freedom. 

I wonder, though, whether this adventure in statecraft has not given us a 
glimpse of another possibility, the possibility of a measure of economic planning 
by joint industry-government consultation. PAW’s experience has taught us 
that leaders of an industry and government r^resentatives who know their prob¬ 
lems can consult together for the common good, and that in such consultations 
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the industry men, jealous as they may be for their competitive positions, are as 
responsive as the government men to the needs of the common welfare. Is it 
impossible that they would be equally far-sighted and public-spirited in time 
of peace? 

Leaders of industry have often suggested that if the anti-trust laws would 
permit them to get together they could curtail the evils of competition and yet 
retain its benefits. Perhaps they could, but I doubt that the public is willing to 
risk that the end would be price fixing and monopoly. It's a risk that I should 
not care to advocate. But if the government itself were a participant, through 
men familiar with the industry and sympathetic with its problems, the dangers 
might be avoided and the benefits gained. 

These are tentative thoughts, as I have said; idle speculations to be revived, 
perhaps, when the emergency is over. 

THE JOB GOES ON 

But the emergency is not over, and the job goes on. The war demands more 
fuel and lubricants now than ever before. The industry and the government 
are determined that the demand shall be met, fully and without stint. They 
are supremely confident that together they can do it, because they know what 
they have already done Only a miracle could have done it. the miracle of a 
government-industry plan that worked. 

Yes, it has worked. In the five and one-third years since Gennany marched 
into Poland: 

Daily crude oil production has been increased by nearly 36 per cent. 

Daily refinery throughput has been increased more than 41 per cent. 

Output of 100-octane aviation fuel has been increased by more than 5,000 
per cent. 

Overland transportation to the East Coast, to replace tankers lost or diverted, 
has been increased by 5,400 per cent 

The largest crude oil pipe line in the world, 2i inches in diameter and 1,340 
miles long, has been completed. 

The largest pripe line in the world for carrying refined products, 20 inches in 
diameter and 1,475 miles long, has been completed. 

9,033 miles of other pipe line have been completed, of which 3,150 miles have 
been dug up and relocated; 3,317 miles have been reversed in carrying direction; 
and 436 miles of gas line have been converted to oil. Thus a total of 15,600 miles 
have been put to work to replace tankers sunk or diverted to military use. 

101,600,000 barrels of oil have been saved by conversion of heating facilities 
to other fuel. 

Civilian gasoline consumption has been decreased by 16j^ per cent. 

Every overseas military need has been met. 

A minimum of hardship and inconvenience has been visited upon the civilian 
population. 

The needs of the allied and neutral world have been cared for by an integrated 
global program. 

Without fail, exceptr for difficulties of Army transport, the right product in 
the right amount has .been at the right place at the right time. 

IT coui^n't be done 

«It couldn't be done, ladies and gentlemen, and it has been done. Something 
new in government-industry cooperation has taken place, and the impossible 
has been made possible. Oil, the most vital munition of them all,* is fighting and 
winning on every front, and a unique adventure in statecraft is succeeding. 



BOOK NOTICES 


Aquatic I^aiita of the United States 

Fourth in the series of American Natural History Handbooks from Cornell University is a 
volume on aquatic plants of the United States by Prof. W. ‘C, Muenscher. Treatment is given 
those species of vascular plants “which normally start in water and must grow for at least a part 
of their life cycle in water, either completely submersed or emmersed.” 

The book includes an introduction, key to 50 families, brief family descriptions, generic and 
specific keys, with statements of habitat and range of each species References to other 
hterature are appended to some discussions of families and genera. 

The outstanding feature of the work is the etssemblage of excellent illustrations by Miss 
Abbe and Mr. Nickau. Almost all of the approximately 4M species treated, are figured. Most 
of the drawings are habit sketches, but many show details of flowers, fruits, se^s, roots, seed¬ 
lings, poll^ grains and other specialized or diagnostic characters. Distributions within the 
U. S. are stated in the text, but also are indicated by maps by states. Some of the maps are 
misleading because of incomplete data. Maps showing occurrence of species in every state 
seem unnecessary. 

The brief introduction includes a few random notes on distribution, reproduction, storage and 
treatment of seeds for planting, and weight of seeds. Nothing exhaustive is presented. The 
discussion of reproduction, for example, includes two sentences. Portions are redundant. The 
data in Table 1, p. 4, could have be^ stated in one sentence. 

Difficulty will be met in using the keys, since characters abvsent at flowering time in many 
species are referred to. While the descriptions show no improvement over those already extant, 
especially with regard to terminology, the author's notes from wide field experience are of 
interest. The figures, however, appear to be the useful part of Professor MuenschCT’s work which 
is, in all, a worthwhile compilation of information concerning some of the aquatic plants of the 
United States. 

Aquatic Plants of the United States. Walter Conrad Muenscher. Comstock Publ^hing 
Co., Inc. Cornell University. Ithaca, N, Y. 364 pp., 157 plates, 400 maps, glossary, index. 
Price »5.00. 1944. 


Cost-Color Change In Weasels 

In this study the authors tested the effects of the duration of light upon the seasonal coat- 
color, changes of weasels. The length of the light period in the day and night c^xle was controlled 
by the use of artifici^ illumination and shifting the caged animals into a dark room. Control 
animals were maintained in each experiment. Individuals of two different species of weasels 
were used for this study: MusteUa frenata noveboracensiSt the New York Weasel, and Af. cicognanii 
ctcognanit, Bonaparte's Weasel 

Changes of coat color in both species was accoi^lished by shedding of old hair and the 
growing out of new hair of a lighter or darker shade. This coat-color change was found to follow 
a pattern upon the body. In general this was from the ventral towards the dorsal surface. 

Periods of reduced light duration induced moulting and the regrowth of hair of a lighter 
shade. Increasing the duration of daylight alsq induced moulting and the regrowth of hair of a 
darker shade. By reversal of increase or decrease of the daily light duration, incomplete mounts 
were obtained in both directions. By proper manipulation of the direction of light duration 
changes, it was possible to leave an animal for some time with parts of its body covered with 
hairs from three consecutive growths of hair. 

The data from this study indicates that temperature change was not a factor in pelt modifica¬ 
tion or color cycles in these two species of weasels. Following Bissonnette's work on ferrets 
and Lyman's study of the varying hare the authors express the opinion that the stimulus for 
coat-color modification is received through the eyes and probably acts through the anterior lobe 
of the pituitary gland; also that the thyroids and sex glands are not essential to elicit this response. 

—Wilbur M. Tidd, 

Experimental Modification and Control of Moults and Chonsea of Coat-Color is Weasels 
1^ Controlled Lifting, by Thomas Hume Biasonnette and Ban Elmore Bailey. Annals of 
The New York Academy of Sciences, Volume XLV, Art. 6. P^es 223-260, 7 pis., 1 graph. 
April 7,1944. Published by The New York Academy of Sciences, Central Park West at Seventy- 
ninth Street. Price $0.75. 
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EFFECTS OF GLIOTOXIN ON TRICHOPHYTON GYPSEUM^ 

J. ARTHUR HERRICK 

Hygienic Laboratory, University of Michigan, Ann Arbor 

The need for better therapeutic agents for the control of tenia pedis (athlete’s 
foot), a disease most frequently caused by Trichophyton gypseum, is appreciated 
by the layman as well as by the dermatologist. Within the past few years, great 
strides have been made in the use of antibiotics in the treatment of bacterial 
infections. The possibility that an agent of this kind may prove valuable in the 
therapy of fungous infections is deserving of serious consideration. 

Weindling (0, 7, 8 and 9), in his discovery, isolation and subsequent study of 
gliotoxin, has done significant pioneer work on the action of antibiotics upon 
fungi. Much additional chemical and biological data concerning gliotoxin have 
been contributed by Bruce and his colleagues (1, 2, 3, 4 and.5). Not only was 
this one of the first antibiotic substances to be studied in great detail; it is the only 
one which havS been extensively investigated as a fungicide. Because of the cir- 
c-umstances involved in the disc'overy of this substance, its effect on phyto- 
pathogenic rather than human pathogenic fungi has received the major emphasis. 

With the above facts in mind, experiments were carried out to determine the 
effects of gliotoxin on the dermatophyte, T gypseum. Small amounts of gliotoxin 
were obtained on several occasions by culturing Glyoclddium fimbriatum on a liquid 
medium. Ex<'ept as noted, the methods used in the culture of the Gliocladium 
and in the extraction of the toxic agent were as described by Weindling (7). About 
200 ml. of medium were placed in each of six 32-oz. prescription bottles. After 
the medium had been sterilized and inoeduated, the cultures were incubated on a 
shaking machine operating at a rate of about 100 oscillations per minute. After 
three days of incubation, the gliotoxin was extracted. 

The ability of gliotoxin to inhibit the growth of T, gypseum was next deter¬ 
mined. Suitable amounts of gliotoxin were added to sterile culture media. Both 
Sabouraud’s agar plates and flasks containing Chapek-Dox broth were inoculated 
with spores and incubated at room temperature. A concentration of 0.001% 
gliotoxin in the above media was found to prevent completely the growth of the 
test organism. The next concentration in the series, i. e., 0.0001%, had no visible 
inhibitory effect. 

To determine the fungicidal powers of this substance, washed spores of 
T. gypseum were suspended in gliotoxin solutions in which the gliotoxin ^d been 
dissolved in 0.1 M KH 2 PO 4 . At hourly intervals, 5-ml. samples of the spore 
suspensions were centnfuged and the supernatant fluid removed. The spores were 
then washed in sterile water, and a loopful of the concentrated spores transferred 


*The writer wishes to express his appreciation to Dr. Richard Weindling for a culture of 
Gliocladium fimbriatumt to Dr. C. W. Emmons for. a culture of Tricl^Mon gypseum (U. S. 
Public Health Service culture No. 601, T. mentagrophytes), and to Dr. Vf, F. Bruce for a sample 
of crystalline gliotoxin of known purity, all of which were essential to the execution of this 
project. 
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to ati a^ar slant to test their viability. A concentration of 0.01% of gliotoxin 
was found to kill from 99 to 100% of the spores in two hours. No actual spore 
counts were made, but there was no growth except in an occasional tube where a 
few isolated mycelia developed. The next dilution tested, i. e., 0.001%, wels not 
fungicidal even after 24 hours. 

The above experiments were repeated using gliotoxin of known purity. The 
results were essentially the same as those obtained with the material prepared in 
this laboratory. 

The ultimate question of therapeutic value of gliotoxin in the treatment of 
human infe^etions can be answered, of course, only by clinical tests. 
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Quantum Chemistry 

Quantum Chemistry, by Eynng, Walter, and Kimball is a recent book doling with quantum 
mcchanit's. The title seems a little anomalous since the contents are essentially those contained 
in any other book dealing with quantum theory, but perhaps physics when treated by the chemist 
becomes transmuted into chemistry. The book devotes three chapters to the transition from 
classical quantum thcf^ry to modem quantum theory, Following the fourth chapter discussing 
several of the most important differential equations in which the Schrodinger equation manifests 
itself, there arc two chapters devoted to perturbation theory and radiation theory. After a 
discussion of the application of quantum theory to atomic structure the authors preface, what 
may be regarded as the se<‘tion on molecular phenomena by a chapter on ^oup theory. At 
the end are nine appendices emphasizing several useful topics of a more specialized nature 

The principal criticism which this reviewer can offer on this book is that the material is 
extremely condensed and very few of the topics are treated with thoroughness. A student 
wishing to become initiated into quantum mechanics could almost certainly choose another 
book which would be more helpful than Quantum Chemistry.— H. H. Nielsen. 

Quantum Chemistry, by H. Eyring, J, Walter, and G. ffimbalJ. vi-4-394 pp. John Wiley 
and &)ns, Inc. 1944. 


Bibliogra^y of Biographies of Rntosmrioglets 

This paper bnngs up-to-date the first complete work on the subject published by Mr. J. S. 
Wade in the Annals of the Entomologk^l Society of America, 21: 48^520, 1928. It is intended 
to be complete through the year 1943 and has been broadened in scope so that it includes 
biographical data for entomologists of all countries. The references include obituaries, birthdays, 
jjortraitfi, anniversaries, biographies and disposition of collections. 

Compilations of this type are very worthwhile and the author is to be commended for a 
spare-time job well done.—i?. H. Daiddson. 

Bibliography of Biographies of Entomologists, by Mathilde M. Carpenter. American 
Midland Naturalist, 33: 1-116, jHiuiary, 1945. The University Press, Notre Dame^ Indiana, 



THE MICRO DETERMINATION OF TISSUE LIPIDS 


MARGARET OLESON HUNTER,* R. A. KNOUFF and J. B. BROWN 
From the Departments of Physiological Chemistry and of Anatomy, 

The Ohio State University, Columbus, Ohio* 

Recent interest in the nature and content of the lipids of tissues is constantly 
demanding more accurate methods for their detennination The present work 
was initiated as a Jesuit of the need for improved methods of estimating certain 
of the lipid fractions of glandular lipids in collaborative studies now under way 
between the departments of Physiological Chemistry and Anatomy (1), 

A literature survey of extraction methods led us to the conclusion that com¬ 
plete lipid extraction can be attained by various methods and solvents. Obernur 
and Milton (2) and Rose and Riegel (3) reported that the 3 . 1 alcohol-cthcr 
solvent of Bloor and 1 ; 1 alcohol-acetone of SchoenHeimer and Speiry (4) an' 
equally effective. Sperry (5) showed that extraction with these solv('iits is com¬ 
plete at room temp>erature for glandular tissues. We have confirmed these findings 
for beef liver and guinea-pig adrenal tissue, the former being relatively low and 
the latter high in lipid content. 

A saponification method was developed from that of Bloor, using potassium 
hydroxide in alcohol-ether as described by Kelsey ((>) Our method gave com])li'l< 
saponification of pure methyl esters of fatty ac'ids, miwd triglyctrides and pen' 
cholesterol esters. Previous micro methods for the d(*t(*nmnation of fatty aiids 
have generally been non-specific in nature, as, for exanipk', the methods employing 
nephelometry, chylomicron count and dichromate oxidation. I'he titnnielric 
method of Stoddard and Dniry (7) is specific as it meusurcs the total carboxyl 
content after saponification and isolation of the fatty acids It is a direct measuri' 
of the fatty acids provided their neutralization equivalent (mean molecular wt'iglii) 
is known. A simplified modification of the titrimetric method was dev(4oped and 
was tested against pure fatty a<'ids. 

The determination of cholesterol (both free and combined) was cntu'ally stud¬ 
ied. Of the numerous methods proposed by other investigators, those based on 
the Liebermann-Burchard color reaction or the Windaus digitonin precipitation 
are the most widely accepted at present. The (combination of the* two principles 
by Kelsey (fi) and by Sechoenheimer and Sperry (4) h&s improved the accuracy and 
specificity of the analysis. Thesc^ two melhixis were subjected to careful study. 
The Kelsey method in our hands gave erratic results even after considerable 
experience had been acquired in the use of the method. We could not use tlu* 
Seboenheimer and Sperry procedure in its last detail because it required a specially 
designed calorimeter which was not available. A modification of their medhod 
was developed which can be used in an ordinary colorimeter and in the Evelyn 
Pl^otoelectrometer, which we have employed. The method was found to gn-e 
accurate restilts on both ester and free cholesterol. 

In our experience we have found the phospholipid method of Bloor (S) to give* 
satisfactory results in the determination of this lipid frac'tion. 


*Comly Research P-ellow in Anatomy, 1939-42. Submitted in partial fulfillment of the 
requirements for the Doctor of Philosophy degree, the Graduate School., Present address. 
65 Wdodlawn Ave., Naugatuck, Conn. 

*Aided by grants from the Comly Research Fund of the College of Medicine. 
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EXPERIMENTAL 
I. Extraction of 'Hssubs 

Beef liver tissue was used in one series of studies of extraction niethods. The 
tissue was ground up thoroughly and mixed well before the samples were weighed. 
Fifty ml. of 3 :1 alcohol-ether was added to each sample and the extraction 
accomplished as indicated in Table I. The extracts were ffltered into Erlenmeyer 
flasks and the extraction flasks washed with two 25 ml. portions of the solvent. 
The total extract was evaporated almost to dryness under reduced pressure and 
the residue extracted with petroleum ether. Total fatty acid and tot^ cholesterol 
were determined on the petrol^m ether extract by Uie method*described later, the 
results appearing in Table I. 


TABLE 1 

Analyses of Lipid Extract.s of Beef Liver 


Method 

Wcii^ht 

Fatty Acid 

Cholesterol 


Sample 

rng- 

% 

Avg. 

% 

Avg. 

Grind with sand, stand twelve hours fl .... 
with solvent. .\2. , 

753 8 
652 8 

3.72 

3 50 

‘s.ei 

0.278 

0 244 


Grind with sand, stand twelve hours/l, . . 
at room temperature with 8olvent\2. 

661 2 
667 0 

3.77 

3 40 

k'.bS 

0.270 

0 240 


Grind with sand, boil five ininutesH ,, , 
with solvent, stand twelve hour8\2. . 

721 0 
616.6 

3 66 
3.46 

*3 si 

0 277 

0 252 

0.264 

Grind with sand, refiux one hour,A. . . 

stand twelve hours.\2. 

584.8 
549 4 

3.39 

3.39 

3 39 

0.261 

0.238 

0 250 

Saponify tissue ninety minutes, ext.fl ,.. 
with solvent after acidification. \2., 

346 2 
166.1 

3.41 

3.73 

3 M 

0.240 

0.277 

0.266 


The average results in Table I indicate that essentially complete extractions 
were attained on liver tissue by the five procedures as described. Results by the 
saponification method serve as a standard of comparison. 

Two of the procedures, described in Table I, were applied to a specimen of 
adrenal tissue of an old guinea pig. The two adrenals of this animal weighed 
619 mg. The tissue was ground and mixed and four samples treated as described 
in Table II. This time, however, free and total cholesterol, phospholipid and total 
fatty acid were determined, the results serving to compare the efficiency of 
extraction by the two procedures. 

Since the previbus data showed complete extraction by standing for twelve 
hours at room temperature, this procedure was adopted. The det^ we have 
adc^ted for preparing a lipid extract follow. 

Extraction Procedure 

The fresh tissue sample was weighed by difference from a ground-glass stop¬ 
pered weighing bottle into a mortar, mixed with sand, and ground up as describra 
by Bloor (8). The mixture was tramderred quantitatively to a 125 ml. ^len&teyer 
flask. The mortar and pestle were washed vnth 1 ml. distilled water, and then 
with portions of the solvent. A total of 40 ml. 3 :1 alcohol-ether (redktUled 
solvents) was added to the tissue. The flask was stoppered and aUowed to stand 
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at room temperattire overnight. The extract was then filtered tJmmgh a fat-free 
filter paper into a 125 ml. Erlenmeyer fiask. The residue on the filter was washed 
with two 15 ml. pc^ions of fresh solvent and the washings added to the main 
extract. The combined extracts were evaporated almost to dryness under reduced 
'pressure. A trap of the t}rpe used in the Van Slyke determination of nitrogen 
was convenient for this process. The flask was heated in a water bath placed on 
the steam bath. When a small aqueous residue remained in the fladc, the trap 
and flask were disengaged from the suction tubing. Prom 7 to 9 ml. petroleum 
ether in three small portions was washed through the trap into the flask. The 
fiask was then removed from the trap and stoppered, When a series of samples 
had reached this point, they were all extracted three times with petroleum ether. 
The petroleum ether was decanted into 15 ml. centrifuge tubes. The solvent was 
evaporated off before the second and third extractions of the residue were added 
to the tube. The substance thus extracted into the centrifuge tubes represented 
the total lipid and was used for the differential anla)rsis of the lipid fractions. 

TABLE II 

Lipid Analyses ok Guinea-pig Adrenal, Following Two Extrachon Methods 


Method 

Weight 

Sample 

j Phospho- 
! lipid 

1 

Free 

Cholesterol 

Total 

Cholesterol 

Fatty 

Acid 


mg- 

fir 

/O 




% 

Avr. 

% 

Avg, 

Grind with sand, reflux one 
hour, stand twelve hours, 
room temperature,.., 

116 7 

78 9 

3 07 

2 73 

1 

2 90 

0 21 
0.26 

0 23 

1.18 

1 26 

1 ^ 

14 58 
16.30 

is 54 

Grind with sand, stand twelve 
hours, room temperature 

88 3 
100 0 

2 96 

3 19 

i07 

0.27 

0.23 

0 25 

1 27 

1 27 

1.27 

15,60 
16 18 

15 84 


1 

II. The Saponification Procedure 


The efficiency of saponification by the Bloor method as described by Kelsey (6) 
was first tested on a specimen of pure cholesteryl palmitate, especially prepared 
for the purpose. The palmitic acid recovered from the saponification was estimated 
by the titration method, described in the next section of this paper. The results 
were erratic, the recovery of palmitic acid varying from 77 to 93 per cent on five 
samples. The method of saponification was therefore modified (see description 
below) and tested on a specimen of pure cholesteryl oleate. Preliminary tests on 
employing the method with a reaction time of 30, 60, and 90 minutes showed that 
even with this cholesteryl ester a thirty minute saponification is complete, recovery 
of the oleic acid being over 99 per cent. 

Description of Proctdure 

.The lipid to be saponified was dissolved in 5 ml. of 3 :1 alcohol ether in a 
15 ml. oOttrifuge tube, and 0.2 ml. of 30 per cent aqueous KOH added. If com¬ 
plete Iblution did not dtocur after vigorous stirring, alcohol up to 2 ml. was added. 
Tte tube traiS'wanned in a beaker of hot water on a steam bath, the solution being 
allowed'to boil gently for 80 minutes. Bumping was prevented by a boiling rod. 
The beaker was then placed on a hot plate and the solvent boiled off rapidly and 
oonapietely. The tube was removed from the beaker and allowed to cool. To the 
'liittteous rraidue was added just enough 1.8 N HCl to make the mixture slightly 
acid. The mixture was stiried vigorously and then 7 n>l. petroleum ether added 
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and the mixture again stirred. The tube wtts allowed to atattd about fifteen 
minutes, and then the petroleum ether scdution was decanted from the water layer 
with the suction apparatus desoribed by Bloor (8). The fatty acid solution was 
decanted into the ^ ml. Erlenmeyer ilasks m which the titration was to be 
performed. The aqueous residue was re-extracted with two porticms Of petooletmi 
ether and the extracts combined. The ether was evaporated and the residue 
dissolved in aicohol and titrated. 

In addition to the cholesteryl palmitate and oleate, previously mentioned, the 
procedure was tested on a ^>ecimw of mixed glycerides of olive oil (mean molecular 
weight of fatty acids 282), a specimen of brain lecithins, and a hnown synthetic 
mixture of all four types of lipi^. The results are given in Table III. 


TABLE HI 

Efficibncy of Pat^ Aao RecoVxry by Modified SAYOmFiCATiON Procedure 


Fatty Acid 
in Sample 
mg. 

Number of 
Determina¬ 
tions 

Sample 

Fatty Acid 
Recovered 
mg. 

Recovery 

Avg, 

POr Cent 

5.39 

HKHH 

Methyl palmitate.., 

5 32 


6.18 


Mixed triglycerides. 

6 16 

100.2 

8.40 


Lecithins.... 

8.31 


402 


Cholesterol oleate.. ., 

4 00 

99 4 

10.00 

■■ 

Mixed esters (above four). 

10 06 

100 4t 


♦Range of recoveries 98.2-100.4%. 
tkange 100.1-101.2%. 


III. A Titrimetric Method for the Determination of Patty Acids 

The fatty acids emploj^ in this work were highly pmified specimens, pre¬ 
pared especially for solubility determinations by H. P. Poreman (9) in this 
laboratory. 

In preliminapr work the oxidative method of Bloor (10), applied to oleic acid, 
was fotmd to give satisfactory results, recoveries on 5 mg. samples being 96 to 
102 per cent. The titration method of Stoddard and Drury (7) also proved 
satisfactory. It was our experience, however, that phenolimthalem poss^ned 
some advantages over thymolphthal^. Tins latter indicator goes through a 
series of cfolpr changes from colorless to yellow to gTeen to blue in alcoholic sohition, 
thus makii^ the end-point difficult to determine. Our titrations with 0.035 N 
alkali were carried out with a special burette. The details of the method and 
results follow. 

Descri^ion of Titrimetric Method 

An automatic 5 ml. Exax burette, graduated to hundredths, was fitted with a 
special tip which delivers 150 drops per ml. solution. The standard alkali was 
kept in a paraffin coated bottle protected from the carbon dioRide of the air by 
Ascarite and concentrated alkali traps. The sample of fatty add, usually, in 
petroleum ether solution, was measured into a 25 ml. Erlethneyer flask and the 
solvent evaporated off. The residue was dissdved in 10 ml. 95 per cent akohd, 
measured by a pipette. Prom 5 to 7 dfops of 1 per cent pfaendphtiialdn was 
added, and the sample titrated to the first faint pmk color. A series of hlahk titra¬ 
tions on 10 ml. asiaple» of the dcohol was made and Ibe titrations oorrected 
accordingly. Tlffi blank amounted to 0^.063 ml. Ibe alkali used in the titration 
was standardized ai^inst Bureau of fitaadards pot^um add jfiitluAate. Resutts 
on pure deic, palmitic and Stearic adds are shown in Tdble IV. 
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table iv 

TRE TITUMETKIC OeTBRMINATION op PURE PAtTY Aciss 


Specimen 

No. of 
Det'ns 

Alkali 

ml. 

(Coftected) 

A 

Fatty Acid 

Recovery • 
Per Cent 

Taken 

mg. 

Found 

mg. 

Alcohol Blank. 

6 

0 063 




Stearic Aoid. 

5 

1 173 

11 30 

11 31 

l66 

« « 

3 

0.5S1 

6 65 

5 60 

99 

« u 


0 459 

4 52 

4 43 

98 

u u 


0.351 

3 39 

3 35 

99 

« 4* * 


0.236 

2 26 

2.27 

100 

U It ’ ’ 


o.na 

1.13 

1 14 

101 

Palmitic* .. . 


1.240 

10.76 

10.78 

100 

<1 M 

3 

0 613 

5.38 

5 31 

09 

U U ' 

B 

0.381 

3,23 

3.80 

102 

Oleic “ 

1 

1 171 

11 30 

11 19 

99 

U M 

2 

0.353 

3 39 

3 38 

100 


IV. An Investigation of Free and Combined Cholesterol Procedures 

Pure samples of cholesterol were prejjared from beef brain tissue. Standard 
stock solutions of this cholesterol were made up in petroleum ether and kept 
tightly stoppered at 0® C. Samples were measured from these stock solutions for 
all subsequent analyses on pure cholesterol. 

The Evelyn photoelectrometer (11) was used throughout the investigation for 
the measurement of the color intensity of the cholesterol samples. The galvanom¬ 
eter reading, G, when calculated to L, or (2-log G), should give a straight line of 
slope K when plotted against the weight in mg. of cholesterol in the samples. 

The accuracy of the color determination as recommended by Kelsey was first 
studied. The samples were measured from the stodk solutions into 25 x 200 mm. 
soft glass test tubes which had been optically tested for use in the photoelectrom- 
cter. The solvent was evaporated off, and 10 ml..chloroform, 1.0 ml. acetic anhy¬ 
dride, and 0.1 ml. concentrated sulfuric acid were added to each tube. The samples 
were well stoppered, mixed, kept at a temperature of 23° C. for twenty minutes 
and read in the instnunent. The average values for K found for two series of 
twenty samples from 0.1 to 1.0 mg. in siae, were 0.68*0.054 and 0.7.1*0.061. 
The variation is over 8 per cent. 

Kelsey’s method of separating free and ester cholesterol by digitonin precip¬ 
itation was next studied. It involves the evaporation to dryness of a mixture of 
the lipid and a solution of alcoholic digitonin. Extraction of the residue with 
petroleum ether removes the cholesterol ester and other lipids. The cholesterol 
digitonide is decomposed by refluxing it in bensene. The addition of petroleum 
et%r to theihot beniMne dissolves the cholesterol and the digitonin is precipitated. 
The variable results by this method are shown in Table V. 

A ftu^er study of the method was made on samples of pure cholesterol, in 
which rile amount of dtolesterol not precipitated by the digitonin, the amount 
not decomposed iby >the baiaene, and the amount normally determined by the 
Kelsey meriiod* were determined. T^ieae ‘three fractioos were determined by our 
modified thethod described below. The compasativdy large samples were u^ in 
order to establish the Hsiits of the method^when 5 ml. 0.2 per cent digitonin 
wriution was used. The results axe shown in Table VI. 

In the SchOMiheitiier and Sperry method (4) the cholenterol is.quantitatively 
precipitated as the digitonide in a mixture of equal parts of absolute alcohol, 
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acetone, and water. The washed and dried inecipitate is then dissolved in 1 ml. of 
hot glacial acetic acid and the solution is coded. Two ml, of acetic anhydride and 
0.1 ml. of concentrated sulfuric acid are added and the color intensity ai the 
solution determined' after twenty-five minutes at 26“ C. In order to use the 

TABLE V 

The DETESMIMATtON OF PSEB AND ESTBK C^OLESIEROL IN KNOWN SYNTHEnC MlXTURE-S 

BY THE Kelsey Method 


Composition of Sample 

Recovery of 
Free Cholesterol 

Recovery of 
Ester Cholesterol 

mg. 

Per Cent 

mg. 

Per Cent 

0.491 mg, free, 0.491 mg. ester .... . 

0.478 

97 

0 640 

no 

0.491 mg. free, 0 0 mg. ester... 

0 468 

96 

0 064 


0.0 mg. free, 0 491 mg. ester.. . 

0 087 


0 469 


0.261 mg. free, 0 0 mg. ester. . 

0 228 




0 261 mg. free, 0.491 mg. ester. ... 

0 236 

90 



0 261 mg. free, 0 786 mg. ester. 

0.269 

103 



0 261 mg. free, 0 982 mg. ester. 

0 284 

109 



0 417 mg. free, 0,0 mg. ester. 

0 383 

92 



0 823 mg. free, 0 0 mg. ester. 

0.711 

86 



0.0 mg. free, 0 491 mg. ester..,. 

0 019 




0.0 mg. free, 0,786 mg. ester. 

0 019 





TABLE VI 

Cholesiekol Deteruination by Kelsey Method 


Cholesterol 
in Sample 

mg. 

Cholesterol 

Not Precipitated 

Cholesterol 

In Residue 

Cholesterol 

Determined 

mg. 

Per Cent 

mg. 

Per Cent 

mg. 

Per Cent 

0 166 

0 005 


0.005 

3.0 

0.141 

84,8 

0 333 

0 027 


0.012 

3 0 

0 288 

86.4 

0 498 

0 085 


0.012 

2.6 

0.414 

83.0 

0 834 

0.000 

0,0 

0.034 

4.1 

0.789 

94.6 

1 668 

0.108 

6.6 

0.311 

18.6 

1.227 

73.6 

2 502 

0 006 

0 2 

0 852 

34 0 

1 643 

65,7 

3 336 

0.539 

16.2 

1.061 

31.4 

1.762 

52 8 

4,270 

1 386 

32,6 

1 106 

26.9 

1 864 

4S 7 

5 002 

2.060 

41.6 

0,764 

15.1 

2.160 

48.2 


Evelim photoelectrconeter in our work, all the reagents were doubled and the color 
intensity read through the 6 ml. aperture. On samples of cholesterol from 0.1 to 
0.4 mg., the value of K was found to -be 1,04*0;04. Corrected to a volume of 
11 ml. lor comparison wiUi the value of 0.70<*',06 obtained by the Kels^ method, 
K becomes 0.57>^0.02. This lower value for -K explains why small samples of 
cholesterol are more difficultly determined a«ng acetic acid as the advent. 

Investigation revealed that the cholesterol digitonide oould be dtssolved in a 
relatively small volume d hot glacial Acetic add. To this sdution, chiogo fo nn 
could be added without causing we preoipitatton. of either the-chdesterol digitonide 
or free digitonin. The color intensity of this sdution a^edached that of-a ddoto* 
form solution of cholesterol and cOuld .easily be read in tte photoelectrometer even 
in 12 ml. volumes. 
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Experiments were conducted to ascertain the most effective concentration of 
each reagent, glacial acetic acid, chlorc^rm, acetic anhydride, and sulfuric acid, 
as well as the most desirable temperature for the color reaction. The results are 
shown in Table VII. 


TABLE VII 

The Liebermann-Burchard Color Reaction; Effect of Temperature 
AND Concentration of Reagents 


' ’ 

Sample 

. 

No. of 
Samples 

Light 

Filter 

Acetic 

Acid 

ml. 

Chloro¬ 

form 

Anhy¬ 

dride 

Sul¬ 

furic 

Acid 

Temp. 

K 

Time 

Cboleaterol. 

40 

6600 

0 

10 

1 

0 J 

23 

0 70 

20 

Cholesterol. 

6 

6600 

0 

10 

1 

0 1 

25 

0,73 

25 

Cholesterol... 

5 

6600 

0 

10 

1 

0 1 

17 

0 59 

65 

Cholesterol.. 

5 

6200 

4 

0 

8 

0 4 

26 

0 05 

30 

Cholesterol., 

6 


4 

F 0 

8 

0 4 

27 

0 65 

35 

Cholesterol.. , 

5 


4 

0 

8 

0 4 

18 

0 57 

66 

Cholesterol., 

5 


2 

8 

2 

0 5 

32 

0 83 

12 

Cholesterol. 

0 


2 

8 

2 

0 5 

16 

0 81 

50 

Diffitonidc. 

5 

6300 

4 

0 

8 

0 4 

18 

0 52 

76 

Digitonide. 

1 

6200 

2 

0 

10 

0 5 

18 

0 66 


Digitonide. 

1 


6 

0 

6 

0 5 

18 

0 53 


Digitonide. 

1 


2 

3 

7 

0 3 

18 

0.70 


Digitonide. 

1 


2 

4 

6 

0 5 

18 

0 68 


Digitonide. 

1 

6200 

2 

5 

5 

0 5 

18 

0 74 


Digitonide. 

1 


2 

6 

4 

0 6 

18 

0 75 


Dij^tonide.'. 

1 


2 

8 

2 

0,3 

^ 18 

0 78 


Digitonide. 

1 

6200 

2 

9 

1 

0 6 

18 

0,66 


Digitonide.... 

1 

6200 

2 

8 

2 

0 2 

18 

0 46 

no 

Digitonide. 

1 

6200 

2 

8 

2 

0 4 

18 

0 73 

65 

Digitonide. 

2 


2 

8 

2 

0.6 

18 

0 72 

60 

Digitonide. 

1 

6200 

_L** 

w 2 

8 

-J-iJ 

2 

0.7 

18 

0 70 

45 


The precipitation of the cholesterol as the digitonide by the Schoenheimer and 
Sperry method was incomplete for samples of 0.1 to 0.5 mg. This is indicated in 
Table III, where the digitonide gives consistently lower values for K than the 
pure cholesterol samples after comparable treatment. IncresMjjig the volume of 
0.2 per cent aqueous digitonin solution from one to four jpnt. per sample did not 
result in the quantitative precipitation of the cholesterol. However, by using 
2 ml. of 0.4 per cent aqueous digitonin, 2 ml. acetone, and 2 mU alcohol and carrying 
out the precipitation at a lower temperature, quantitative results were obtained as 
shown in Table VIII. 

TABLE VIII 

the PiUSCmTATION OF CnOLBSTBItOL DiGITONIDH 


» Volume of 
Digitonin Solution i 
ml. ,, 

Temp^ature 

L 

Cholesterol 

Calculated 

mg. 

Cholesterol 

Recovery 

Per Cent 

0 

26 

0^ 


98 

6 


0.264 

0 314 

96 

6 

16. 



98 

6 

;j 

.. 

0 2» 

0.321 

98 
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DMariftioH of Cholesterol Procedure 

To the lipid sample in a 15 ml. centrifuge tube was added 2 ml. each of aoetcme,^ 
alcohol and 0.4 per cent digitonin solution (prepared by evtmorating a solution of 
one gram digitonin in one liter distilled watc^ to ml.). The mixture was 
stirred thoroughly and the tube was stoppered and placed in the refrigerator over¬ 
night. The tube was then centiifu^d at a hi^ rate of q)eed for ten minutes and 
the supernatant liquid decanted. The precipitate was washed with acetone-ether 
and then with ether as described by Schoenheimer and Sperry The precipitate 
was dried by placing the tube in a beaker of warm water. The tube was then 
placed in a pan containing about two inches of sand and kept in an oven at about 
120“ for about twenty minutes. Then the pan and its contents were removed. 
Two ml. of glacial acetic was pipetted into the tube and the contents of the tube 
well mixed. The tube was removed from the sand bath after a few minutes and 
allowed to come to room temperature. Ten ml. of the color reagent was pipetted 
into the sample. The reagent was prepared by mixing 20 ml. acetic a;^ 3 rdride 
(C. P. do {ier cent), 80 ml. chloroform, C. P., and 5 ml. concentrated sutfuric acid. 
The chloroform and anhydride may be measured in a graduated cylinder and the 
sulfuric acid measured in an ordinary pipette. The reagent is kept at 16“ C. and 
is usually prepared fresh for each set of ten samples. After the addition of the 
reagent to the sample, the solution was mixed thoroughly and transferred to the 
colorimeter tubes. The transfer is not necessarily quantitative, since the color 
intensity of the sample is to be measured. The colorimeter tube was stoppered 
immediately and placed in a bealmr containing water at 16“ C., and covered with 
a heavy towel, '^e beaker was placed in the constant temperature refrigerator at 
16“ C. The color intensity of the solution was read in the Evelyn photoelec¬ 
trometer after about fifty minutes standing, using the 6200 A light filter. The 
readings were checked at intervals of five mintites until a constant maximum 
reading was obtained. The blank reading was checked at lOO between each 
sanrnle reading. 

tile standardization curve obtained by the above method on both pure 
cholesterDl and cholesterol digitonide gave fi value for K of 0.81 <*0.01 for the 
former, and 0.82 *<0.01 for, the latter. The variation is ^ 1.5 per cent. 

SUMMARY 


' Procedures are described for the extraction of tissue lipids and for the sapon- 
iification of these lipids. The lipids of liver and adroial tissues are completely 
extracted by 3 ; 1 alcohol-ether in five hours at room temperature. Glycerides, 
cholesterol esters and methyl esters were shown to be completely saponified by 
heating for thirty minutes with a soluti<n) of imtassium hydroxide in alcohol-ether. 
Ab improved titrimetric method for the estimation of fatty acids is described. 
Amounts of fatty acids from 1-10 mg. can be determined with an accuracy at •* 2.0 
^r cent. A modification of the Schoenheimer and Sperry method for dietermina- 
tion of free and combined cholesterol has be«i devised, after critical study of the 
best conditions for precipitation of chdlesterbl digitonide and the development of 
color in the Liebermann-Burchard rsaetion. The modified method is adapted for 
use in the Evelyn Photoelectrometer, and may be used in other colorimeters of 
this type.' 
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INTRODUCTION 



The fresb-water Bryozoa constitute a small group of widely distributed species. 
They may reproduce by some of the following methods: (1) budding, (2) chitin 
encased germinable bodies called statoblasts and hibemacula and (3) free-swimming 
larvae. Statoblasts occur in most fresh-water Bryozoa while hibemacula occur 
in only a limited number of species. These well-encased bodies often tide the 
species over periods of adversity, droxight or winter cold. Tampering with the 
life C 3 rcle can be done most easily by experimenting with the statoblasts and hiber- 
naoula, since these bodies are hardy, can be chSled, dried or otherwise handled with 
relatively little care. * 

The purpose of the present article is to furnish data on the viability of floating 
statoblasts, known as floatoblasts (Rogick, Study XIV), the rate of formation and 
degeneration of individuals and the development and growth processes of floato- 
blast-derived colonies of HydlineUa punctata. The data herein given consist of 
observations on specimens whose life cycle had been experimentally delayed or 
tampered with in some way. 

Difficulties of various types are encountered in stud 3 ring living: bryozoa. One 
is the matter of identification, which is particularly troublesome In the Plumatel- 
lidae which Hydinelia is a member. Another <^culty is the feeding problem. 
A third is the maintenance of the colonies in the laboratcny under such conditions 
as make it easy to study them conveniently imder the microscope nrithout dis- 
turtiing them too much. This recjuires that they be grown in shallow dishes Uke 
^SyriRiUBe watch glasses or Petri dishes which can be placed re^Iy under the 
Compotmd microscope for -lamination. Qdonies or coenoecia may or may not 
becp(!!|ie attached to' the substratum ond^ laboratory cmiditions. Some attach 
within two or three ajtier germinaticm the floatoblasts which produced 
them, v^le othdf|l remain suspended from the surface film for a number (rf days. 
Bvoituidly hoW^tf, ail will attach. Those which attach to the bottom of the 
are to a •very fsiVorable position for microeoopic study. Those which attadi 
to the sides or rtoi of the dish or to thejJ^ace film generally orieit downward, 
nectttaitating their disiddgment with a d is i ie c tto g needle so that they will lodge in 
a more favorable situation. 
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DESCRIPTION OF FLOATOBtAST GROUPS 

Study VIII (Rogick, 1939) reported a part of the Hyati^teUa punctata life cycle 
which dealt with the metamorphosis of the free-swimming larvae into young 
colonies. No larvae were produced by the colonies of the present study which 
deals with colonies deriv^ from the following seven groups of Hyalinella 
punctata doatobiasts: 


Group P. 

Group Q. 

Group R. 

Group S. 

Group T. 
Group U. 

Group V. 


This group consisted of 42 floatoblRsts dried & few days after collection and stored 
dry at room temperature for many months until the start of the experiment. None 
germinated. 

This consisted of 20 doatoblasts not dried until a number of months after collec* 
tion, then stored dry, at room temp>erature, for a number of months until the start 
of the experiment. Half of them gave indications of germinating but did not 
complete the germination process to the point where visible polypides were 
protruded. 

This consisted of floatoblasts chilled, then dried soon after collection and stored 
under these conditions in a refrigerator for a number of months until the start of 
the experiment. Of the 135 floatoblasts set out 96 germinated. 

This consisted of floatoblasts remaining in water at room temperature for a num¬ 
ber of months, then stored wet, i. e., in water in a refrigerator for several months 
until the start of the experiment. Of the 42 set out 12 germinated. 

This consisted of 26 floatoblasts which remained in water at room temperature for 
a number of months until the start of the experiment. Five or one-fifth germinated. 
This consisted of floatoblasts remaining in water for many months at room tem¬ 
perature after which they were dried and stored dry in a refrigerator until the start’ 
of the experiment. One out of 45 germinated. 

This consisted of 14 floatoblasts which were dried sooner after collection than 
were those of Group R and which were stored dry in a refrigerator for a number of 
months before the start of the experiment. None germinated. 


Briefly. Groups P, Q and T were not subjected to chilling and storage in the 
refrigerator at any time during the experiment. Groups R, S and V were. Group U 
was subjected to chilling and storage at low temperatures for only a part erf its 
dormant period. Also, Groups P, R and V were stored in the diy state during 
their dormant period while Groups S and T remained wet throughout their ^tire 
period. Groups Q and U were subjected to drying only after the statoblasts had 
remained free in water for a number of months. 

The official ^‘start” of each experiment was the removal of floatoblasts from 
their places of storage and their immersion in tap water at room temperature for 
purposes of germination. 

Tl^ree sets of floatoblasts, P-1, P-2 and P-3, were used in the P Group. Sets 
P-1 and P-3 were collected from Westtown Pond in Westtown, Chester County, 
Pennsylvania, on Sept. 9, 1940, dried four days thereafter and stcaed dry at room 
temperature in corlf^ vials on a closet shelf until wanted for experimentaticEi. 
Set P-2, collected from Beechmont Lake in New Rochelle, New York^ on Aug. 8, 
1937, was similarly, treated but was dried aght dap instead ol four after collection. 
The method of d^ccation was the some as described in Studies VII and XI* Sets 
P-1 and P-2 were “started'* or immersed in tap water on June 29, 1941, and 
P-3 on Feb. 3r 1943, so tbat geminations might take place. Since node did and 
none seemed likely ta Sets P-1 and,P<^2 wete di^ntinued ,33 dAys after the start 
of the experiment and Set P-3 waadisoon^ntied 116 days after the start or tmmer^ 
sion. Table 1 gives additional data on the condittons under which each set of thia 
and other groups was kept, 

like floatoblasts of Sets P^l imd P-3, those oH Groups R, S, T, U and V 
were collected at Westtown Pond on Sept. 9, 1940, 
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At the time of collection a nixmber of floatoblast^filled colonies of HyalineUa 
punctata were brought indoors from the pond. These colonies in due time nor¬ 
mally released a large number of doatoblasts which were placed in a pint Mason 
jar with some Elodea and water. This jar was kept indoors at a comfortable room 
temperature from the time of collection until Aug. 2, 1941, or for a period of 327 
days or 10.8 months, throughout the autumn, winter, spring and part of the 
summer. From this jar came the floatoblasts which were used in Groups Q, 
S, T and U. 

Those which were to be used in the Q Group were removed from the jar on 
Aug. 2, 1941, dried, then stored dry in a corked vial on a closet shelf at room tem¬ 
perature for 18 months, until Feb. 3,1943. They were then **started** or immersed 
in tap water and kept at a comfortable room temperature throughout their germina¬ 
tion period. Half of the statoblasts did give some indication of germinating. 
They reached the point where the two floatoblast valves separated sufficiently to 
permit a glimpse of a small ball of tissue between them. This tissue however did 
not grow beyond the borders of the valves nor did it develop any visible or pro- 
trusible polypides. This group was discontinued 47 days after immersion because 
the ones which had begun to germinate were dead for some time and the others 
gave no indication of germination. 

Floatoblasts for Group S were removed from the same pint jar containing 
Elodea and water as were those of Group Q, on Aug. 2, 1941. Thus they had 
remained in liquid at ^ comfortable room temperature for 327 days or 10.8 months. 
They were then placed in a refrigerator where they remained in liquid at the 
bottom of a small corked bottle from that date till Jan. 24, 1943, an interval of 
540 days or 17.7 months. They were removed from the refrigerator on that date 
28.5 months after collection, immersed in a watch glass containing tap water and 
kept thus at a comfortable room temp^ature from then on. The temperature and 
other data for this group can be found in Tables I and II. Twelve of the 42 floato¬ 
blasts used in this group germinated very speedily, eleven of them within one day 
after immersion and the twelfth on the second day after immersion. Most of the 
colonies derived from these germinated floatoblasts were discontinued between 16 
and 32 days after floatoblast immersion because degeneration, due to improper 
(green algal) and insufficient food, had set in and the colonies were too degenerate 
to be saved. One colony was accidentally crushed 31 days after floatoblast immer¬ 
sion. The remaining floatoblasts were discarded 78 days after immersion because 
they had failed to germinate. Please refer to Table I for additional data on the 
group as a whole and to Tables II and III for data on colonies from dishes num¬ 
bered S-6a, S-6b, S-6c and S-6d. Each of these dishes contained one or more 
colonies, thus accounting for some of the extra numbers found in the various 
columns in Tables II and III. 

Floatoblasts for Group T were removed from the same pint jar containing 
Elodea and water as were those of the preceding groups, where they had remained 
in liquid for 10.8 months at a comfortable room temperature. They were trans¬ 
ferred from that container on Aug. 2, 1941, to a Syracuse watch glass containing 
ttp water. This was the start** of the experiment. Hence, they were not 
chilled or dried but remained in liquid at room temperature for the interval between 
colled^ and the beriming of the experiment. Five out of 25 floatoblasts ger- 
minafed^ The colonies although in good condition were discarded after nine 
days because circumstances b^^d control made it impossible to care for and 
daily observe the colonies at that particular time, so the colonies had to be 
discontinued. 

Floatohlasts for Group U were remove^ from the same pint jar as were those 
'of preceding groups cm Aug. 2, 1941, after they had remamed in liquid for 10.8 
montlte at room tempOTiture. They then Were dried and stored dry in a refrig- 



TABLE I 

Data on HyaUnella punctata PLOATorajisTS Used in This Sttn>T 
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erator until needed for experimentation. One June 4, 1942, 306 days later, ten 
statoblosts, constituting Set U*l, were removed from the refrigerator, immersed in 
a watch glass containing water and kept at a comfortable room temperature. One 
of the ten germinated. The resulting colony was discontinued 26 days after 
immersion while still alive although banning to degenerate due to improper and 
insufficient food, The non-germinatea floatoblasts likewise were discontinued at 
the same time. On Jan. 24, 1943, 867 days after collection or after 540 days of 
desiccation and chilling, 35 floatoblasts, constituting Set U-2, were removed from 
the refrigerator, immersed in a watch glass containing tap water and kept at room 
temperature. None of this U-2 Set germinated even though it was kept under 
observation for 126 days from that time. 

TABLE III 


Rate of Polypide Evagination in Hyalinella punctata 
(Contintied from Table II) 


Number of Dayi Between Ptoatobloet Immereion 
aad Evagination of the 

Colony 

R-4a 

Colony 

R-4b 

Colony 

R-4d 

Colony 

R-4e 

Colony 

S-«c 

Rth polypide ' 

<hys 

26 

^ys 

18 < 

days 

26,27 

days 

24 

days 

24, 20 

7th polypide 

26 

16 

27 

26 

25 

8th polypide 

26 > 

18 

27 

86 

20 

8th polypide 

27 

18 

27, 28 

26 

26 

10th polypide 

28 

20 

28 

27 

26 

11th poljfpide 

28 

21 

28 

27 

26 

12th polypide 

31 

21 

28 

27 

27 

13th polypide 


81 > 

28 

27 

27 

14th polypide 


21 

29 

29 

27 

15th polypide 


_^21 

29 

32 

27 

10th pf^ypide 


21 

29 

32 

28 

17th polypide 


21 


35 

28 

18th polypide 


22 


35 

29 

18th polypide 


22 


35 


80th and 2l8t 


22 




22ttd to 30th 


23 




27th to diet 


24 




33ndtoi5th 


25* 





Note: Data on Colony R4b i> continued in Table IV. 

* Thle Sfi days after ftatoblaet immenioo U the same ae 30 days after statoblast germination, eince there wae a A daye' 
differsDee between theee two oondittons. 


Group V consisted of fourteen floatoblasts which were dried four days after 
collection, then placed in a refrigerator where they remained dry for 840 da)r8, 
until Jan. 1, 1943, whdi they were taken out, immersed in tap water and kept at 
room temperature for 67 days, but no germinations took place so the group was 
dis^tinued at the end of that interval. Additional data on this and on the 
preceding groups may be obtained from Table I. 

, Originally all the statoblasts of a ^articulsr group or set were placed in a watch 
glass which was labelled with the capital letter m tne group and the number of the 
set, thus: R-4. As soon as any floatoblasts gave the fainte&t indication of 
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approaching germination they were removed to another watch glass which would 
tie distinguished from the first by an additional letter after the n\imb§r, thus: R-4a. 
When additional floatoblasts of dish R-4 began to germinate another watch glass 
labelled R-4b would be prepared for the newly germinated statoblasts, and so on. 
Generally, when several statoblasts germinated on the same day they would all be 
placed in the same watch glass unless their numbers were so great as to make that 
confusing or impractical. Such a procedure explains the niimerous figures given 
in column R-4d of Table II, because watch glass R-4d contained a total of nine 
colonies, some of which had different polypide evagination rates. 

Group R furnished some of the most interesting results for the present study 
because out of its 135 floatoblasts, which were placed in five Sets, R-1, R-2, R-3, 
R-4 and R-5, 96 germinated and some of them produced long-lived colonies. The 
R Group consisted of floatoblasts which were placed in a loosely capped vial con¬ 
taining some water in a refrigerator four days after collection. The vial acci¬ 
dentally tipped over, leaving the floatoblasts dry by Sept. 30, 1940, or 21 days 
after collection. The floatoblasts remained dry in the refrigerator until the begin¬ 
ning of the experiment (please refer to Table I). 

Although colonies which developed from the R floatoblasts were very prom¬ 
ising material, quite a number of them degenerated too soon because of the food 


TABLE IV 

Further Data on Hyahnella punctata Colony R-4b. The FGi Statoulast Which Produced 
This Colony Germinated 6 Days after Immersion 


1943 

Dale 

No of days 
from time of 
germination to 
j date at left 

No of colony 
fragments 

No. of polypides evaginated 
in any single fragment on 
date at left 

Total No, of 
polypides 
evagiimted in 
all fragments 
on date at left 

No of mature 
floatoblasts 
released or 
torn out at 
given date 

Maximum 

Minimum 

II-1« early 

20 

colony intact 

44 




11-18 later 

20 

2 

1 36 

8 

44 


IM9 

' 21 

2 

37 

10 

47 


11-20 

22 

2 

38+ 

14 

52+ 


11-20 

28 

1 

38+ 

- 

38+ 

2 

n-28 

30 

1 

38+ 


38+ 

1 

IIl-^ 3 

33 

1 

63+ 

- 

63+ 


III- h 

36 

1 

66+ 

- 

66+ 


IIMQ 

. « 

1 

M+ 1 

_ 

66+ 


III-12 . 

42 

1 

Polyptdea temporarily withdrawn, so can not 
tell which are alive and which art; degenerating. 
Some degeneration did take place during these 
intervals. 

6 

111-13 

43 

1 

6 

ni-I4 

44 


8 

1II-I5 

46 

1 

4 

111-16 

46 

I 

13 

in-I7 

47 

I 

1 

111-18 

48 

I 

3 

111-22 

62 

1 

1 

ni-24 

64 


66 


66 


III-20 

69 

1 

50 


60 


IV- 1 

63 

1 

70 


70 


IV- 2 

63 

1 ’ 

76 


76 
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TABLE lV—{ConHnued] 


1043 

Date 

No. of days 
from time of | 
germination to 
date at left 

No. of colony 
fragments 

No of polypides evaginated 
in any sini^e fragment on 
date at left 

Total No. of 
polypides 
evannated m 
all fragments 
on date at left 

No. of mature 
doatoblasta 
released or 
tom out at 
given date 

Maximum 

Minimum 

IV-4 

65 

1 

84 


84 


IV- ft 

67 

1 

07 


97 

1 tom out 

IV- 8 

60 

1 

00 


00 

1 tom out 

IV-12 

73 

2 

78 

13 

01 


IV 13 

74 

2 

76 

12 

88 


IV-17 

78 

3 

57 

14 

109 


IV-18 

70 

6 

52 

1 

110 


IV-10 

80 

7 

45 

1 

137 


IV-23 

84 

8 

41 

0 

137 

1 

JV~24 

8.8 

8 

.33 

5 

130 

3 

IV-25 

80 

8 

46 

5 

1,50 


lV-26 

87 j 

8 

51 

5 

150 

1 

IV-20 

90 

8 

67 

7 

180 

I 

lV-30 

01 

8 

76 

11 

204 

2 

V- 1 

02 

0 

62 

11 

253 

1 

V- 2 

03 

0 

00 

14 

288 


V- 3 

04 

11 

100 

I 

:i5i 


V- 5 

06 

13 

122 

1 

395 


V- 6 ' 

07 

14 

108 

1 

365 


”v- 7 ' 

08 

15 

120 

1 

400 


V- 6 

100 

15 

115 

; 1 

308 

1 

V-13 

104 

10 

159 

0 

471 


V-17 

108 

11 

144 

6 

401 


V-19 

MO 

14 

107 

4 

434 


V-22 

113 * 

Progressi 

VC degenemtion 

due to food on 

d neglect 

4 

V-30 

121 

11 

113 

1 

282 


VI- 3 

125 

12 

87 

1 

177 

1 

VI- 8 

130 

12 

68 

2 

204 


VM4 

136 

14 

55 

3 

104 

I 

VI-17 

130 

14 

38 

2 

170 

2 

VI-10 

141 





8 

VI-!l 

143 

13 

28 ! 

1 

136 

e 

VI-25 

147 





3 

VI-27 

140 

30 

11 

1 

67 


VI-SO 

152^ 

28 

12 

I 

87 


VII-I6 

168 

■DB 

3 

1 

21 

n 

vn -18 

170 


-. - . 


16 


V1I-I0 

171 

■qBI 

j 


14 


VII-34 

176 

c 

olonies or fragm 

ents discontinue 

d 

1 
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problem. Set R-1 was fed green algae and other aquarium scrapings but failed to 
thrive on this diet. Degeneration set in early and the R-1 colonies were discon¬ 
tinued nine days after statoblast immersion. Set R-2 received a similar diet with 
the same results. Because the R-2 colonies were degenerating they were discarded 
26 days after floatoblast immersion. Set R-3 colonies also did not thrive well, 
some of them degenerating because of green food, others because of lack of food 
and presence of enemies. Some specimens were discontinued as early as seven 
days after floatoblast immersion and others as late as 33 days. The colonies were 
discontinued when still alive when it became evident that degeneration had pro¬ 
gressed so far that it was useless to keep them longer. Set R-4 was an unusually 
productive one, giving rise to a good number of polypides and to some long-lived 
colonies. Except for one lot which was accidentally destroyed sixteen days after 
statoblast immersion the colonies lasted a number of days. Some were discarded 
after a well advanced stage of degeneration on the following days after statoblast 
immersion: 28, 31, 32, 35 and 51 days. Some colonies fragmented, i. e., polypide 
groups would become separated from the main body of the colony so that in time 
there would be a number of living fragments rather than one main colony (refer 
to Table IV). The longest lived fragments died from lack of adequate care in the 
final few weeks and from degeneration 181 days after statoblast immersion. This 
length of time is a record under laboratory conditions. Formerly, in Study III, 
two Lophopodella carteri colonies were kept alive 161 and 163 days after germination 
while in the present Study the most hardy Ilyalinella punctata colony and its 
fragments (R-4b) lived 170 days after germination Both species could probably 
have lived somewhat longer if it had not been necessary to move them to other 
localities or if they could have been cared for properly during and after removal. 
Data on the growth and progress of the long-lived colony R-4b can be found in 
Tables I, II, III and IV, Set R-5 was discontinued 23 days after the start of the 
experiment although no germinations took place in it. Table I gives some data 
on this last wSet. 

DESCRIPTION OF REARING METHODS 

Experimentation on delayed development, on the effects of desiccation, chilling 
or other factors can best be carried out on statoblasts since these bodies are far 
hardier and firmer than any other parts of the bryozoan. Statoblasts form and 
mature within the colony, then may be released soon thereafter or else may be 
retained within the zoarium after the death and degenQration of the polypides 
which produced them. Some writers maintain that a rest period is necessary 
before statoblasts germinate; others doubt it. Statoblasts to be used for the 
experiment may be dissected directly out of living colonies or may be collected 
after the colonies had normally released them by expulsion or by division of the 
colony. The advantage of dissecting them out of living colonies is that one can 
be sure of their source, particularly if several closely related species are in the same 
collection. The advantage of allowing colonies to normally shed their statoblasts 
in the laboratory is that the colony stocks will not be prematurely destroyed, the 
statoblasts are more likely to be fully mature and finally, much less time is required 
to collect only shed statoblasts than to dissect them out carefully. All Hydinella 
statoblasts used in the present study were collected after being normally shed by 
their colonies, Those used in Set P-2 were collected in Beechmont Lake, New 
Rochelle, New York, on Aug. 8, 1937. Those used in all the other sets and groups 
were collected in Westtown Pond, Westtown, Pa., on Sept. 9, 1940. For a more 
complete description of the collecting sites please refer to Studies IX and XIV. 

Due to their smaller size floatoblasts of Hyalinella and Plumatella are less 
favored for experimentation than those of Cristatella, PecHnatella, Lophopus or 
Lophopodella because they are harder to keep track of or handle. 
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When an experiment was begun, the dried floatoblasts of a particular group or 
set were removed from the vials or containers in which they had been stored to 
Syracuse watch glasses or Petri dishes containing tap water which was later 
replaced by culture, pond or aquarium water as soon as the statoblasts gave any 
indication of germinating. This was known as '‘immersion." However, in the 
P and V Groups, since no floatoblasts germinated, tap water alone was used. In the 
other groups tap water was soon replaced by more suitable liquid and food because 
many statoblasts showed signs of approaching germination. 

The specimens were observed once or twice daily with a compound microscope. 
As a rule dried floatoblasts upon immersion for germination are likely to remain on 
top of the surface film. When possible they were pushed down with a dissecting 
needle until they were beneath the surface film. Most of them,floated up to the 
surface film immediately thereafter and remained around the rim of the glass just 
beneath the film even a number of days after germination. 

When the floatoblasts seemed to be near the point of germination tap water 
was replaced by other water containing food material. The following different 
foods were tried in some of the sets or groups: green algae (desmids, etc.) from 
aquarium scrapings, organic debris from the bottom of various culture dishes, tiny 
ciliates and flagellates, Paramecia, small quantities of fresh yeast cake and bacterial 
sciun from culture waters which had one of the following food substances added to 
them: lettuce, yellow commeal, oatmeal, bread crumbs, rice and other cereals. 
The germinated colonies rejected Paramecia but not the very small flagellates and 
ciliates. The cornmeal and yeast cultures proved the most satisfactory because 
the colonies seemed to thrive best when these were used, particularly so when small 
lumps of yeast were placed directly in the dishes containing the colonies. The 
colonies were maintained on a varied diet rather than on one substance alone 
because it was found to produce healthier colonies. When colonies began to slow 
down in polypide production or began to show signs of degeneration the diet was 
changed because it was more important at the moment to keep the colonies alive 
than to test the efficacy of the various food products. Additions of small quan¬ 
tities, fragments, of fresh yeast seemed to keep the colonies flourishing The use 
of the green algae alone had the opposite effect. It caused the colonies either to 
degenerate after a short time or to slow down their polypide multiplication The 
slowing down was evident in statoblast development. In some colonies floato¬ 
blasts were formed and of fair size and degree of development then failed to carry 
the developmental process through to completion either because of the degenera¬ 
tion of polypides or for other reasons. Among the most obvious characteristics of 
degeneration was the stunting effect. The tentacles began to shorten and thicken. 
The pattern of ciliary action was disrupted. The entire zooid shortened and 
became smaller. In time the lophophore withdrew permanently. The polypide 
shortened, thickened and condensed to a brownish-orange colored ball known in 
literature as the "brown body.” In some colonies all the polypides degenerated 
imtil there was nothing left but a small bag of coenoecial wall which was pro¬ 
gressively reduced in size imtil it was hard to find among the debris of the dish. 

Methods of staving off degeneration were (1) to change the diet if necessary, 
(2) to keep the colony and the dish in which it was growing as clean as conditions 
would permit and (3) to aerate the water in the colony dish with a pipette when 
necessary. Colonies were kept clean of old fecal pellets, debris, scum and other 
ectocyst-covering accumulations by removing this material with a pipette or by 
scraping with a dissecting needle or fine forceps. Sometimes this accumulation 
was so great that it covered the entire colony and had large holes here and there 
through which the introvert could be protruded, (fig. 1). The accumulation was 
removed daily when possible. The scraping ^as done very gently to prevent crush¬ 
ing, puncturing or damaging the colony. Occasionally a colony was constricted 
or ^vided by this scummy covering. A colony was sometimes accidentally pulled 
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apart at this thinned or constricted area without any apparent ill effect on subse¬ 
quent growth. When that was done, the ends of the broken connection closed up 
and healed very speedily, provided that the connection was narrow and thin at the 
time of division. Not only was it the colonies which needed cleaning but also the 
inner surfaces of the watch glasses and Petri dishes because the debns, stale food, 
fecal pellets, etc., accumulated at the bottom, generally in the vicinity of the 
colony. This cleaning was done either by use of a pipette or by emptying most of 
the water from the dish, hurriedly wiping the inner surface with a clean cloth, 
taking care not to injure or dislodge the attached colony. Then fresh culture water 
from a small aquarium and a few tiny liunps of fresh yeast or drops of food culture 
were added to the dish which contained the bryozoan colony. 

OBSERVATIONS 

Germination 

Within a few days, 1 to 25, after immersion of the various sets or groups of floato- 
blasts germinations took place in the usual manner. The statoblast valves sep¬ 
arated slightly. Between them appeared a bag of tissue containing germinativc 
material and yolk masses. A day or so later, (refer to Tables I and II), the ger¬ 
minated zooid was sufficiently developed to evaginate or protrude a tentacle¬ 
bearing lophophore. When evagination had taken place, the distribution of yolk 
particles was more discernible, (sec figs, b-7). Yolk occurred in extensive masses 
in the walls of the digestive tract, coenoecium and lophophore. It furnished food 
for the early developmental stages of the colony. In several instances it had 
disappeared by the third day after germination while in a few colonies it lasted till 
the fourth, fifth and even sixth day after germination of the Hyalinella punctata 
statoblasts. In Lophopodella carteri the yolk was visible from four to seven days 
after statoblast germination. Brooks (1929) working with Pectinatella magnifica 
found that the yolk mass had almost disappeared from the P. magnifica colonies 
by eight day^ (p. 431) and that some young colonies could live for two weeks on 
the yolk stored in their bodies (p. 435). ^ 

A nceslrula 

\ 

The first zooid to evaginate is known as the ancestrula. In a normal //. 
punctata colony, the ancestrula had a smaller number of tentacles than did suc¬ 
cessive zooids. Marcus (1941, p 150) observed a similar condition in Siolella 
evelinae ancestrulae. Therefore, a coimt of the tentacle number was one method of 
checking whether one was dealing with the ancestrula or with one of its successive 


EXPLANATION OF FIGURES IN PLATE I 

The species depicted in all the figures is Hyalinella punctata. All except Figures 2 and 4 

were drawn with the aid of a camera lucida. 

Fig. 1, Colony R4b as seen from above on IV--6'“1943, or 67 days after germination. The 
central part of the colony is quite opaque and heavily covered with debns and accumula¬ 
tions so that the zooidg in it are hard to see or to count. The transparent ectocyst is best 
seen around the long branches. The entire colony is attached to the substratum at this 
time. Drawn to Scjtle W. 

Fig. 2. A diagram pf the ^*twin** polypides as they appeared in Colony R-4b on the 65th day 
after floatoblast ithmorsion or on 111-30-1943. View is of anal side. These polypides were 
already several days old at this time. Both polypides are using the some in vagina ted fold 
and their outer retractors are evident. Not drawn to any scale. 

Fig. 8. An immature sperm mass on the funiculus of Colony R-4b'B second polypide as seen 
on 11-^19^ or on file 10th day after germm’ation. Drawn to Scale X. 

Fig. 4. Three statoblasts developing on the funiculus of a Colony R-4b polypide. The oldest 
statoblast is proximal to the tip of the digestive tract. Drawn to Scale X on 11-14-1943. 
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buds. The average tentacle number in ancestrulae of 34 H. punctata colonies was 
approximately 28, the maximum number 34 and the minimum 16+. The 16+- 
tentacled individual had evaginated somewhat premaiurely^. It had a very small 
lophophore and short, still poorly diiferentiated Iratacles. The average tentacle 
number in seventeen normal successive zooids was 44, the maximum 50 and the 
minimum 32. This last figure was for a very immature polypide which in less than 
two days increased its number to 44 tentacles. Many more examples than seven¬ 
teen were observed and counted but because the results were in complete agreement 
with the figures given above they were not formally recorded. In general it can be 
said that the average number of tentacles remained smaller in the ancestrula 
throughout its life span than in the successive pol5T>ides although it did increase 
slightly in both as they matured. For example, one ancestrula which had nineteen 
tentacles upon evagination added two more within ten hours. Another ancestrula 
added eight more tentacles to its 24 within four days. Some of the successive 
polypides likewise added a few tentacles after evagination. In one set of exper¬ 
iments, Colony R-4e, where the food supply was very xmsatisfactory, (green food), 
the colonies and successive polypides were very sttmted and the tentacle number 
was unusually small—sixteen to twenty tentacles. This was an abnormal condition. 

The ancestrulae of this study and of Study VIII (p. 208) were the first polypides 
to degenerate, tmder normal conditions. The ancestrulae degenerated from 13 to 31 
days (average 24.2 days) after statoblast immersion in the case of sixteen colonies 
and from 8 to 21 days (average 14.3 days) after germination. Some ancestrulae 
degenerated without giving rise to successive polypides while others survived until 
the colony had seventeen individuals before degenerating. Those which degen¬ 
erated early were those which were fed an inadequate or unsuitable food (green 
algal material) This not only destroyed the ancestrula but the colony as well, 
sooner than was expected. 

The degenerated ancestrulae shrank in size, withdrew into the coenoecium, 
darkened and either broke up inside or became pinc'hed off. At any rate they 


EXPLANATION OF FIGURES II^ PLATE II 

Fig. 6. Side view of an S-6a ancestrula as seen on 1-27-1943, two days after floatoblast ger¬ 
mination or three days after immersion. Large irregular masses of yolk are evident in 
the wall of the digestive tract, around the base of the long retractor strands and in the 
endocyst. The ancestrula had only twenty tentacles at this particular time but later 
increased the number. Only one statoblast valve appears in the diagram. The other 
valve, not shown here, is directly opposite and hidden by the one pictured. Drawn to 
Scale Y. 

Fig. 6. The tentacular crown of the ancestrula of Fig. 5 as seen from above. The mouth is 
overhung by a rather small epistome, shown here as a white flap, which enlarges later on. 
A mass of yolk, the irregular black nng of the diagram, is seen around the bases of the 
tentacles at this early stage but later disappears. It is also present around the epistome 
but could not be shown here conveniently. The tentacles number 20, increased to 24 one 
day later (1-28-1943) and to 28 by the day following. Drawn to Scale Y. 

Fig. 7. A small retracted R-4e Colony drawn one day after germination or ten days after 
ummersion. A very small amount of yolk is seen dispersed in the basal endocyst region. 
A large yolk mass, (dark central irrepilar mass in the center of the diagram), appears 
around the digestive tract while a smaller amount is seen directly above, in the invagmated 
fold re^on. Statoblast^valves appear on either side of the germinated colony. Drawn to 
Scale Y. 

Fig. 8. Side view of Colony R-4b. Drawn on 11-6-1943 or eight days after germination or 
thirteen days after irtitnersion. The larger of the two evaginated polypides is the ances¬ 
trula. It has ^32 tentacles but not all can be seen from this view. The second or 
smaller polypide has 40 tentacles differentiated at this time. The two statoblast valves 
are shown, one in full-face view at center back and the other in partial edge view at the 
base of the colo^. The retractors and funiculus of the ancestrula have wen omitted. 
Drawn to Scale ZT. 
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disappeared within a few days. Polypides other than the ancestrulae degenerated 
in the same manner. The rate of degeneration and the time factor in their case 
however has not been studied. 


Successive Polypides 

Buds formed and evaginated at a rapid rate when the food was adequate and 
suitable. To estimate the rate of bud formation it would have been more desirable 
to record the initial appearance of each bud germ or rudiment but from the 
practical point of view it proved less satisfactory and less easy than the method 
adopted, namely; noting the time when the bud had developed sufficiently to 
evaginate and take external fqpd. In large colonies or in those covered with 
debris and various acctunulations it was very hard to see buds forming and often 
those which were present might be mistaken for other things in a crowded colony. 
Bud formation and development in HyalineUa was very similar to the bud formation 
of other Plumatellidae. Buds at the time of evagination were well developed 
although small and short. Their lophophores were rather immature in that not 
all the tentacles had differentiated sufficiently from each other and from the 
substance of the lophophore to be easily counted. 

The time interval between evagination of the ancestrula and the second polypide 
is generally slightly longer than the intervals between other pairs of successive 
polypides. It ranged from one to eighteen days. The interval between evagina¬ 
tion of the second and third polypides was from one to eight days, while between 
the third and fourth pol)qDides it was from one-half to four days. The interval 
between evagination of the fourth and fifth zooids was from a few hours to three 
days while the interval between emergence of the fifth and sixth was from a few 
hours to one day. From the sixth polypide onward the intervals were shorter and 
shorter, as a glance at Tables II and III will show. The reason for this was that a 
number of buds were forming then maturing at approximately the same time. 

The time interval between statoblast immersion and the evagination of the 
st'cond polypides in colonies of Table II was from 10 to 26 days or averaged 17.7 
da 3 rs for 31 colonies. The interval between statoblast immersion and evagination 
of the third polypides was from 15 to 28 days. For the fourth polypides it was 
from 16 to 25 days; for the fifth polypides 17 to 26 days; for the sixth, seventh and 
eighth it ranged from 18 to 27 days; for the ninth it was from 18 to 28 days; for 
the tenth it was from 20 to 28; for the eleventh, thirteenth and fourteenth it was 
from 21 to 29; for the twelfth it was from 21 to 31; for the fifteenth and sixteenth 
polypides it was from 21 to 32 and for the seventeenth from 21 to 35 days after 
statoblast immersion. Tables II and III show some of this data. 

R-4b Colony 

The time interval for evagination of Hyalinella polypides beyond the nineteenth 
polypide was based on data obtained from one or tiue colonies of Dish No. R-4b 
and is shown in Table III. This colony*s twentieth and twenty-first pol 3 rpides 
evaginated on the 22nd day after statoblast immersion. Its twenty-second to 
twenty-sixth polypides evaginated on the 23rd day, its twenty-seventh to thirty- 
first polypides evaginated on the 24th day, its thirty-second to forty-fifth polypides 
evaginated on the 25th day. By the evening of the 25th day, the dish containing 
the R-4b colony was accidentily dropped and the colony was tom into two 
separate pieces, one fragment with 36 polypides and the other with 8. The 
ancestrula which began to degenerate five cmys previously accounts for the forty-fifth 
pol5rpide. 

Up to this time, the only individual of this particular colony in dish R-4b to 
degenerate had been the ancestrula and observations of the inner contents of the 
colony had been easy. Now, after the accidental separation of the colony, counting 
of polypides and degenerate individuals became more difficult because the larger 
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fragment was no longer attached to the substratum but had become a ball-shaped 
mass from which pol 3 rpides protruded in all directions. For that reason, for sev¬ 
eral days thereafter polypide counts of the larger fragment were only approximate. 
The polypide coimts of the smaller fragment were easy and accurate because that 
part of the original colony fortunately had not been tom loose from the substratum 
at the time of the accident. That fragment evaginated two additional polypides 
the next day and four more the day following, making a total of fourteen nicely 
evaginated buds. The third day after the tearing of the original colony the two 
fragments were still evaginating additional buds but degeneration had set in in 
some of the polypides, four in the smaller fragment and several in the larger. By 
the seventh day after the tearing all polypides of the smaller fragment were dead 
while the larger fragment was getting along apparently fairly well and had between 
28 and 38 polypides nicely evaginated. The number is uncertain because 28 could 
be definitely coiuited from one view and there were a number on the other side 
which could not be counted accurately but were estimated to be about 10. From 
this time on there was a steady increase in the number of evaginated polypides 
which could be counted but the colony fragment remained unattached until the 
52nd day from the time of statoblast immersion or the 27th day after the tearing 
of the colony. 

In Colony R-4b there was noted on the fiOth day after germination a rather 
rare and unusual pair of well-developed, evaginated polypides, twins, sharing a 
joint invaginated fold but having a partially or slightly separated tentacular 
sheath and so far as could be ascertained, one set of retractors on each side, moving 
both polypides as a unit in and out of the coenoecial sac ffig. 2). The twins evag¬ 
inated, invaginated or unfurled their tentacles simultaneously, moving or acting 
as a unit. When one was disturbed with a dussecting needle both retracted and 
after recovery both evaginated as one. They were crowded together rather closely, 
side by side, but seemed very vigorous Their digestive tracts were separate and 
complete but so close together that one could not determine if there were any 
retractor muscles between them. The tentacle sheath was larger than normal and 
so was the diameter of the duplicature or invaginated fold. The twins were still 
functioning nicely five days later. After that they i/ere lost sight of because of 
the large number (84) of polypides in the colony at that time and because degen¬ 
eration set in in some parts of the colony, resulting in masses of debris here and 
there over the colony. It is very probable that the twin polypides degenerated 
prematurely. At any rate they could not be found after that. These polypides 
were well developed, mature and several days old when first observed. One of 
the reasons why they had passed unnoticed up to that time was because of the 
large number of polypides evaginated in the colony at that particular time. 

It would have been ideal to have been able to study a colony from germination 
through evagination and degeneration of every formed zooid. That would be an 
almost impossible feat under even the most ideal conditions in view of the fact 
that colonies may consist of htmdreds of crowded individuals and may sometimes 
be opaque enough in some regions to make observations unsatisfactory. 

After the R-4b Colony was tom in two and its larger fragment curled up into a 
ball or hag of evaginated polypides, (this was between the 20th and 47th day after 
germination of tl^ colony or between the 25th and 52nd day after immersion of 
the original floatoblasts), it was no longer possible to count with any great accuracy 
the exact ntimber of polypides which degenerated and evaginated during that 
interval, All that could be done with reasonable accuracy was to count the 
number of polypides which had their tentacles evaginated at any one given moment 
and to record this number. This means that ^identical counts for successive days 
or 'kny days may be variously interpreted. They might mean that no change had 
taken place in the colony or they might mean that several polypides had degenerated 
and an equal number of new buds had evaginated their lophophores at about the 
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same time so that the cottnt would seem identical. Table IV shows the number of 
polypides which had their tentacles out at the time of counting and does not take 
into consideration the number of polypides which had degenerated. The greatest 
number of H. punctata zooids ‘‘out^’ or evaginated at any one time was 491 in the 
aggregation of R-4b colony fragments! The largest number of Lopkopodella carteri 
zooids out at any one time was 45 (Rogick, Study III, p. 462). 

The larger of the two original fragments-of Colony R-4b continued its develop¬ 
ment imtil the 73rd day after germination when it had 91 polypides in the evag¬ 
inated state and 15 withdrawn, degenerating polypides. It then fragmented into 
two pieces, one with 13 polypides out and the other with 78 pol 5 p>ides out. From 
here on fragmentation continued until eventually, on the 152nd day after germina¬ 
tion, there developed from the original fragment 28 colony fragments, several of 
which contained only a single polypide each. Many of these fragments had been 
the result of too fast growth of zooecial branches in various directions away from 
the colony center, followed by degeneration of some of the intermediate polypides 
or areas between branches. Others of these fragments have been the result of 
accidental severing from the colony during the cleaning process which consisted 
of scraping away debris or pellet accumulations or degenerated material from 
the ectocyst. 

The fragmentation phenomenon is not a new thing. It has been found in 
other bryozoan species: in Stolella evelinae by Dr. Marcus (1941, pp. 92, 150), in 
Lopkopodella carteri by the writer (1935, p. 462) and very probably in other species 
by earlier workers. In general, the maximum number of fragments of Colony 
R-4b in existence at any one time was 28 and the maximum number of polypides 
evaginated in one fragment at a particular time was 159. For a more detailed 
account of the number of fragments and the maximum and minimum numbers of 
evaginated polypides in the fragments please refer to Table IV. 

The fragmentation was most pronounced after the culture water had become 
too rich. Also at such times the amount of degeneration was quite considerable. 
In general the change from spoiling culture water to fresher media with the addi¬ 
tion of a small amount of fresh yeast was the signal for accelerated polypide devel¬ 
opment and evagination. Examples are shown in Table IV; for example: fresh 
culture water and yeast were added to the colony fragments on the 97th day after 
germination and the very next day the number of evaginated polypides was 35 
more than on the previous day. Another example of colonies speeding up polypide 
production and evagination was when fresh culture water and yeast were added to 
the colonies on the 101st day after statoblast germination, then every other day 
practically for about a week, tmtil the number of evaginated pol 3 p(ides had risen 
from 395 on the 101st day to 491 polypides on the 108th day after statoblast 
germination, or the difference of 96 polypides in seven days. Sometimes, however, 
the addition of yeast did not arrest degeneration. 

Too much or too little food, lack of care, neglect, rough handling, puncture or 
injury with dissecting needle and failure to keep culture water reasonably fresh 
contributed greatly to degeneration of polypides. See data from April 8 to 13 
and from May 17 to July 19 in Table IV. After a colony began to show signs of 
regression, the dish was cleaned and fresh culture water and yeast were added to 
try to bring the colony back to normal. After such treatment there was some 
*‘revivar’ of the colony or an increase in the number of polypides, as data from 
May 9 to 17, from June 3 to 8 and from June 27 to 30 in Table IV show. The 
colonies were packed for transfer from New Rochelle, N. Y., to Woods Hole, Mass., 
on June 30 and received very little attention or care after transfer till the degen¬ 
eration of the various fragments of the colony on July 24. Perhaps, if it had been 
possible to properly care for the colony fragments during the interval they might 
have survived for a considerably longer period. 
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Polypide Degeneration 

The polypide degeneration rate was greatly influenced by improper food, 
fouling of the culture water, accidental injury and the presence of enemies like 
rotifers and oUgochaetes. 

Table V gives the degeneration data for various groups, sets or colonies. It 
indicates when the first definite signs of degeneration appeared rather than the 
day when the f)olypides actually died. Sometimes there was a difference of one 
to four days between onset of degenerative proceSvSes and eventual death of a 
polypide, and a difference of three to seven days between onset of degeneration 
and complete disappearance of the polypide. 


TABLE V 

DtGENERATION RaTK OF POLVPIDES 


Oraip or i)i«h or 
Colony Numlipr 

Polypttifc Nunil>er 

Number of 
ReadinKB. 1 per 
polypide 

Number of days from immersion to 
degeneration of that particular 
polypide 


Maximum 

Minimum 

A vemge 

R-1 

tiiicrtitrula 

26 

10 

0 

9 1 

R-2 

anrrriirulA 

2d 1 

in 

8 

11 6 

R-a 

Aficp&trula 

A 

17 

.<> 

9 8 

R-4 

ttnrcstruln 

18 

ai 

12 

23 7 


unceAtiulu 

12 i 

22 

12 

16 4 

R-2 

second 

U ‘ 

26 

13 

19 4 


second 

2 

20 

30 

30 0 

R-J 

second 

14 

81 

22 

27 9 

S-6 

scLond 

5 

20 

23 

26 0 

R-1 

1 third 

7 

82 

20 

30 0 

S-fl 

third 

2 

2^ 

27 

28 0 

R-4e 

fifteenth 

1 

37 

37 

37 0 

R-4e 

sixteenth 

1 

43 

43 

43.0 


seventeenth to nineteenth 

1 each 

49 

49 

49 0 


In Sets R-1 and R-3, the food was unsuitable and caused the early degeneration 
of the first zooids and prevented the colonies from developing many polypides. 
The same was true for colonies in dishes R-4a, R-4c, R-4d and S-6. At times 
some factor or combination of factors would cause the simultaneous degeneration 
of several polypides in the colony. 

Broadly speaking, the ancestrulae or first polypides degenerated from 5 to 31 
da 3 ^ after floatoblast immersion or from 3 to 21 days after statoblast germination. 
The ^ond polypides degenerated from 13 to 31 days* the third polypides from 
26 to '32 days and the fourth polypides from 27 to 33 days after floatoblast immer¬ 
sion. It is quite possible that the maximum number of days given in Table V 
is shorter tiian it would have been had food and other growth conditions been 
better. 

Rather unexpectedly, the longest lived colony, R-4b, furnished the least 
accurate data on polypide degeneration, largely because it was accidentally tom 
in two on the 26th day after floatoblast immersion and because of its subsequent 
fragmentations. Up to that time, the 25th day after floatoblast immersion, only 
one polypide* the ancestrula* had degenerated. Its degenerative processes had 
set in or begun five days previously. Thenceforth, it became difficult to tell 
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which polypide was the second, third, fourth, etc. Moreover, the larger fragment 
had developed an opaque surface, was unattached and in the shape of a bah for 
some time after that, so that accuracy in recording degeneration of successive 
polypides was impossible. Therefore no reliable record was obtained of degenera¬ 
tion of pol 3 rpides from the 25th day after fioatoblast immersion for this particular 
colony. 

In some colonies the ancestrula was the only polypide to evaginate and 
degenerate. In other colonies a number of polypides, even as many as fourteen, 
were produced and evaginated before the ancestrula showed definite signs of 
degeneration. 

• New Terms 

The entire foregoing account of germinating statoblasts was based on a floato- 
blast generation which had originated or was produced outdoors, under natural 
conditions, before collection. For reasons which will soon be apparent it was 
necessary to distinguish the various generations of statoblasts which were produced 
by assigning to each generation a symbol or name so that it would be possible to 
refer to each generation specifically. Since the ordinary genetics terms P, Fi, 
Fj, etc., are inadequate for this tjrpe of life cycle which includes several modes of 
reproduction as the sexual, budding, fioatoblast and sessoblast methods it is sug¬ 
gested that the following new terms be used for a part of the life cycle and that 
others be introduced later as urgent need for them arises and when more is known 
of the life cycles of some of these forms. The floatoblasts which were begun or 
produced in the ponds or lakes before collection and which were brought indoors 
to start new colonies were designated by the symbol '*FG/' which means '‘Fioato¬ 
blast Generation Number One." The immediate colonies produced by their 
germination were called “FGi-produced colonies." When the FGi-produced 
colonies formed a new generation of floatoblasts these new floatoblasts were called 
' ‘ FGj" or ' ‘ Fioatoblast Generation Number Two." When they in turn germinated 
and gave rise to colonies the latter were called “FGi-produced colonies." A new 
generation of floatoblasts arising from the FGi-produced colonies would be called 
"FGa," etc. 

FGj Development 

The floatoblasts used in Groups or Sets of P, Q, R. S, T and U were all FG|. 
The colonies some of them elaborated and on which Tables I to V are based, were 
FGi-produced colonies. In time, on the funiculi of their polypides appeared 
FGa (fioatoblast) Anlagen, rudiments or “germ" (Fig. 4). In this species, H. 
punctata, the usual number of rudiments was two per funiculus although the 
number occasionally was greater, other times less. In a recently examined Pluma^ 
iella repens vox.fnUicosa colony the ntunber of statoblast rudiments on one funiculus 
was fourteen, the most mature one being closest to the caecal end of the digestive 
tract and the youngest one being most distally located with respect to the tract. 

The H, punctata fioatoblast rudiments appeared on funiculi of evaginated buds 
and also on those of buds which were so small and immature that even their 
tentacles were not yet clearly defined nor evaginated, The rudiments were 
lumM of very small size on the ftmiculus when first noted. 

The first FG* (fioatoblast) rudiments were evident 13 days after germination 
of Colony R-4e, 16 days after germination of Colony R-4b and 24 days after germi¬ 
nation of Colony R-4d, or, if time is reckoned from the date of PGi immersion 
rather than from colony germination then the fioatoblast moments (FG*) were 
first noted 21 days after unmersion in Colony R-4b. 22 days after immersion in 
Colony R-4e and 25 days in Colony R-4d. No PGi rudiments appeared in Colony 
R-4a even by the 32nd day after immersion of PGi, (or by the 28th day after 
germination of the colony), although by that time the colony had produced twelve 
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polj^ides. The number of polj^ides which had eva^inated by the time the first 
floatoblast rudiments made their appearance was tl^ee in Colony R-4e, four in 
Colony R-4d and seventeen polypides in Colony R-4b. These floatoblast-Anlagen 
appearance and formation figures for H. punctata are similar to those given by the 
writer for LophopodeUa carieri (Study VII, p. 194, 13 to 59 days after germina¬ 
tion) and somewhat larger than figures given by Dr. Marcus for Stolella evelinae. 
Marcus stated (1941, p. 150) that, ‘‘Statoblasts (of 5. evelinae) occur as early as 
in the funiculus of the second or third individual of a statoblast colony/' and 
that **the formation of a statoblast takes 8 days." 

Sometimes the development of FG* (floatoblast) rudiments proceeded to com¬ 
pletion. Other times degenerative processes set in and the rudiments failed to 
continue their development. Roughly speaking, floatoblasts seemed to be produced 
in series but it was difficult to tell when one scries ended and another began, par¬ 
ticularly since colony degeneration set in now and then because of improper food 
or other condition and because new statoblast rudiments did not appear simul¬ 
taneously over the colony. With the alleviation of some of these conditions the 
life of the colony was prolonged and new floatoblast rudiments got a chance to 
form while frequently some of the previously begun statoblast rudiments dis¬ 
appeared. Therefore it was best to place the data in Table IV, rather than to 
attempt to number the various series of statoblasts which were produced. For 
example, Colony R-4b produced varying numbers of statoblasts whose rudiments 
were first noted on the following days: 21, 39, 67, 87, 91 and 135 days after 
immersion of the FGi. 

When colonies containing developing statoblasts in advanced stages of maturity 
or brownness fragmented, some fragments eventually lost all their polypides 
through degeneration and became mere coenoecial bags containing floatoblasts 
while other fragments continued their development after recovery. The polypide- 
less sacs gradually decreased in size but the brown statoblasts remained inside until 
dissected out with needles. One such polypide-less sac contained an immature 
floatoblast which continued its development to a slight extent but had almost 
no float although its capsule was pretty well developed. 

In Colony R-4b, the first two floatoblasts of FGi were released 12 days after 
their rudiments were first noticed in the colony. A third statoblast was released 
14 days after first being noticed and forty statoblasts were released between 26 
and 36 day^ after first notice of their rudiments. Table IV, last column, shows 
some of this data and more also. The floatoblasts when released sank to the 
bottom of the dish, 

A total of 92 floatoblasts (FG») were released by Colony R-4b, mostly normally 
but a few with the aid of dissecting needles. These floatoblasts were divided into 
several groups for further study. One group was set out immediately after release, 
to germinate. Another group was dried and stored dry in vials at room tem¬ 
perature. A third group was dried and stored thus in the refrigerator. A fourth 
group was stored in a small quantity of tap water in the refrigerator. All but 
three floatoblasts of the first FG* group of twenty-one which had been set out to 
gelininate immediately after release or dissection from the parent colony R-4b 
did^ hatch. Their germination occurred between 13 and 35 days (average 27.5 
days) after removal from parent colony or its debris. They had been in water all 
the time from release fcom the colony and had not been subjected to chilling or 
drying. The other three groups have been set aside for future experiments. 

Sperm Development 

Thus far asexual reproduction of two tyges, by budding and by floatoblasts. 
has been discussed. The early stages of sexual reproduction, p^icularly sperm 
production, were visible for a brief interval of fwe or six days in Colonies R-4a 
and R-4b respectively. Spermaries appeared as irregular, lumpy, granular masses 
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on the funiculus of both evaginated and as yet unevaginated buds but fot some 
reason were not found on the funiculus of the ancestrula in the colonies under 
observation. After a short time the sperm masses looked rather massive and 
hairy, the sperms making a squirming, undulating hairy covering over a large 
part of the funiculus. I^ter still long, slender, hair-like sperms could be seen 
circulating about in the body cavity. This latter condition prevailed five or six 
days after the spermaries were first noticed. It also marked the end of the 
sperm ary as a visible mass. Sperm masses formed very speedily and were 
noticeably well developed in Colony R-4b by the 10th day after germination, in 
Colony R-4a by the 18th day after germination and in Colony R-4d before the 
24th day after germination. They appeared sooner than fioatoblast rudiments in 
these colonies. 

CONCLUSIONS 

Hyalinella punctata floatoblasts were divided into several groups. Each 
group was kept under a slightly different set of conditions. The highest per¬ 
centage of germinations, 71.1%, occurred in the R Group of 135 floatoblasts which 
had been placed in a refrigerator in liquid. After a while there they had become 
dry and were stored dry at the same low temperatures (7-13.5° C.) from 244 to 
S63 days. The R Group furnished the longest lived colony of any other group. 
Groups S floatoblasts which had been stored wet in a refrigerator for 540 days, 
after a long period of freedom in water at room temperature showed a slightly 
higher percentage of germinations, 28 5%, than Group T floatoblasts which had 
been stored in water at room temperature for 327 days (25% germinations). “ 

Considering the difference in age of the statoblasts this percentage difference 
assumes more value. S and T Groups both showed higher percentages of germina¬ 
tion than did Group U, 2.2%, which consisted of floatoblasts which had remained 
free indoors in water for a long time at room temperature, then were dried and 
stored in a refrigerator at from 7° to 13.5° C. for 306 to 540 days. The poorest 
showing as regards germinations was made by Groups P and V, neither of which 
produced any. Floatoblasts of both groups had been dried a few days after 
collection. Those in Group P were then stored dry at room temperature from 
289 to 1412 days while those of Group V were stored in the refrigerator for 
840 days. The Q Group, consisting of floatoblasts which had remained indoors 
at room temperature throughout a long interval of freedom in liquid followed by a 
550 day interval in the dry condition, gave rather odd results. Although there 
was a 50% germination (?) or more precisely a splitting apart of the valves of 
half of the statoblasts no pol^ides evaginated or were visible. Therefore it was 
hard to compare this group with the others. 

Based upon the foregoing results it would seem that the least satisfactory 
method of keeping HyalineUa punctata floatoblasts alive for future germinations 
would be to dry them soon after gathering then store them dry at room temperature. 
This method, however, proved veiy satisfactory for Lophopodella carteri some 
of whose floatoblasts retained their viability for after four and one-quarter years in 
the dry state at room temperature (Stud^yr XI, p. 318). Unfortunately, no Lopho¬ 
podella carteri floatoblasts were stored in the refrigerator for any considerable 
length of time so that a comparison between viability retention through drying 
and through chilling can not be made at the present moment for that hardy species. 
A more satisfactory method for keeping H. punctata statoblasts viable was to place 
them for a few weeks in a refrigerator, allowing them to become dry there and to 
remain there at temperatures between 7° and 13.5° C. until ready for use. 
Hyalinella punctata statoblasts so treated remained viable 867 days after col¬ 
lection and produced good colonies. The upper limit of viability has not been 
reached for H. punctata floatoblasts so treated. 
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To begin germination experiments, floatoblasts were removed from their 
storage places and placed in shallow dishes partly filled with tap water and there 
left until germination occurred. . 

After the floatoblasts germinated the resultant colonies were fed by various 
foods: bacteria, algae, Protozoa and organic debris from various food products. 
Addition of small quantities of fresh yeast to the Bryozoan culture proved very 
beneficial, both as a growth stimulant and as a means of helping to prevent degen¬ 
erative processes from coming to a too speedy culmination. 

Although rearing conditions were not always most satisfactory, nor was the 
food always the most suitable, nor the cultures always free from Bryozoan enemies, 
nor the colonies always hardy, it was still possible, because of a great deal of care 
and attention, to keep some of the if. punctata colonies and fragments alive 17(1 
days after floatoblast germination, a longer time than has been recorded for any 
other fresh-water Bryozoan species to date. 

Out of 323 variously treated Hyalinella punctata floatoblasts which were 
immersed in water for purposes of germination, 124 hatched in one to twenty-five 
days after immersion. Of these 124 germinations. 111 evaginated first polypides 
or ancestrulae in one to eight days after germination, thirty-nine evaginated second 
polypides, sixteen evaginated third polypides, eleven evaginated fourth polypides, 
ten protruded fifth polypides, eight evaginated sixth, seventh and eighth polypides, 
seven evaginated ninth zooids, six evaginated tenth zooids, five evaginated up to 
twelve polypides, four evaginated up to sixteen polypides, three up to the eighteenth 
pol 3 q)ide, two evaginated nineteenth polypides and one, the long-lived colony 
and its fragments produced and evaginated more than 5(K) polypides. Because 
of the colony’s tendency to fragment or divide into several smaller colonies not all 
the 5(X)'^ polypides derived from the germination of one floatoblast were in one 
mass but were distributed among several colony fragments. At one time there 
were as many as twenty-eight colony fragments from the one statoblast and at 
another time there were as many as 159 polypides evaginated in a single fragment 
The time interval for evagination of each series of pol> 7 )ides, first, second, third, 
etc., is given in detail in the “Successive Polypides” section and Tables II and III 

Extensive study of polypide degeneration was riot made except in the case of 
the ancestmla. The ancestrulae, which were generally the first to degenerate, 
began to do so from three to twenty-one days after floatoblast germination. Data 
on degeneration of some successive polypides is also given in the text of the article 

Because of the long life span, studies on (a) the rate of polypide addition, 
degeneration, formation of sperms and of a new floatoblast generation and (b) the 
manner of growth, behavior and other bodily or colonial processes were possible 
The general developmental and colonial processes were similar to those of Lopko- 
podella carleri although the rate or time interval for the various processes differed 
somewhat. 

Sperm masses appeared early, from ten to twenty-four days after statoblast 
germination and lasted a very short time, for five or six days. A new generation 
of floatoblasts was first noticed developing from sixteen to twenty-four days after 
germination of their parent floatoblasts. Some of these new floatoblasts matured 
afid were released from the colony as early as twelve days after their Anlagen were 
first ob^rved while others took longer, some as long as thirty-six days. The total 
number'of new genei^ation (FGa) floatoblasts obtained from the longest lived 
colony was 92, some of which were put aside for future germinations and some of 
which germinated between thirteen and thirty-five days after release from the 
parent colony. 

The new symbols and expressions FGi, FGi-produced colonies, FG«, FGj- 
produced colonies, FGs, etc., were introducitd to distinguish between the various 
generations of statoblasts and colonies derived from their germination. The 
PGi stands for the First Floatoblast Generation (that used to start this particular 
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experiment). The colonies derived from it were called PGi-produced colonies. 
They in turn prodticed a new floatoblast generation known as FGi. The. colonies 
which germinated from this new generation of floatoblasts were called FGf-produced 
colonies. These in turn gave rise to a third generation of floatoblasts known as 
FG^, etc. The terms will simplify reference to any particular generation. 

SUMMARY 

1. Hyalinella punctata floatoblasts, collected from two localities, New Rochelle, 
N. y., and Westtown, Pa., were used in these experiments. 

2. The ‘^age^' of the 323 floatoblasts used, counting from the time of coU 
lection of the mature floatoblast to the time of its immersion in shallow dishes 
partly filled with tap water fof purposes of germination, ranged from 248 days 
to 1^0 days. Germinations were obtained from those whose **age^' ranged from 
248 to 877 days but not from those of 1420 days. The failure of the last to 
germinate was due perhaps not so much to age as to the method of storing them 
{dried and at room temperature). Those which did germinate had been stored 
under slightly different conditions,—some involving chilling, some storing v^hile 
wet, some dr^ng after long wet intervals, t*tc. For greater details see Table I. 

3. Out ctf the 323 variously treated floatoblasts, 124 hatched, 111 of these 
evaginated ancestrulae, 39 evaginated second polypides and a progressively 
smaller number evaginated larger numbers of successive polypides up to the 
nineteenth polypide. From the twentieth polypide on, only one colony (which 
fragmented many times) continued its development. 

4. The longest lived colony produced more than 500 evaginated polypides, at 
one short period was divided into as many as twenty*eight separate fragments and 
produced 92 mature floatoblasts, some of which hatched and some of whitih were 
stored for future experiments. It also produced sperms. Some of its fragments 
lived till the 17flth day after the germination of the original floatoblasts or till the 
ISlst day after their immersion. This length of time is a record for any statoblast- 
derived Bryozoan colony kept under laboratory conditions. 

5. Because of these germinations and the progress of some of the colonies it 
was possible to obtain definite information on the rate of formation and degeneration 
of polypides, the time of appearance and rate of formation of new statoblasts and 
sperms, the habits of colonies and individuals, the manner of rearing and keeping 
colonies and statoblasts. Much of this data is embodied in the several tables 
of the article. 

6. Several new symbols and terms are introduced to distinguish the various 
generations of floatoblasts and the colonies derived from them: FGi, FGi-produced 
colonies, FG*, FG*-produced colonies, FG*, etc. 

7. Included also is a small glossary of terras pertaining to fresh-water Bryozoa. 

GLOSSARY OF FRESH-WATER BRYOZOAN TERMS 

Ancestrula —This is the primary or first individual of a colony. It comes from between the 
valves of a germinating statoblast, to elaborate a colony. In marine Bryozoa it has a 
slightly different origin. 

Bud—T his is an individual produced by the proliferation of cells in a definite part of the body 
wall of an individual of the colony. 

Capsule —This is the darker colored, usually brown, part of a statoblast enclosing the 
germinative material, 

CoENOBCiUM—This is the name given the common dermal system of a colony by Allman and 
includes the ectoqyst and ondocyst. 

Duplicaturb— This is the fold of body wall around the base of the tentacle sheath or introvert 
when the polypide is evaginated. It is also known as the sigmoid fold and as the invag- 
inated fold. 

Ectocvst— This is the outer of the “two” layers of the body wall. It may be one or mote of 
the following: thin, thick, delicate, finn, s<^t, swollen, gelatinous, transparent or hard, 
crusty, deeply colored (yellow to brown or reddish brown) depending upon the genus 
and species. 
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Endocyst —This is the inner of the "frwo” layers of the body wall. In reality it is not a single 
layer but may consist of several layers as shown by Dr. Borg and others. 

Evaginatior—T his is the act of protrusion of the introvert or tentacular crown and tentacular 
sheath from the coenoecium. 

FGi—The first or parent generation of floatoblasts used in a set of germination experiments. 
Defined in present Stu^. 

FGi -Produced Colonies —These are the colonies derived from the germination of the FGi 
(floatoblasts). 

FG*—Floatoblast generation No. 2, developed from the FGi-produced colonies. 

FGi-Produckd Colonies —Colonies derived from the germmation of FGa (floatoblasts). 

FG*—Floatoblast generation No, 3, developed from the FGj-produced colonies. 

Float —It is that part of the statoblast known as the “cellular" annulus. It covers part of 
the capsule and asually extends beyond it, 

Floatoblast —This is elsewhere known in literature as a free or floating type of statoblast 
which does not possess spines or barbs or hooked processes. Defined more fullv in 
Study XIV. 

Funiculus —This is the cord of tissue attaching the digestive tract to the body wall. From 
it develop the floatoblasts of the Phylactolaematous Bryoroa. 

Germination —This is the splitting^ apart of the two valves of a floatoblast to pennit the 
further growth of the germinative material or preformed polypides which are within the 
capsule. 

Introvert —That part of the pol3rpide which is evaginated and which begins in the region of 
the duplicature. It incluaes the tentacular crown and tentacular sheath. 

Invagination —The withdrawal, either temporary or permanent, of the polypide into the 
body cavity. 

Larva —The sexually produced, free-swimming ciliated stage in the life cycle. 

LophOPHoRe —This is a horseshoe-shjiqped or circular ridge on which are borne the tentacles 

PolyFidk—P rouho (in Borg, p, 190) defines it as a single word or unit comprising the organs 
of digestion and musclar activity of an individual. It refers to the soft parts of an 
individual and includes the tentacular crown. 

?Ietractors —Tbe large bundles of muscles attached to the lophophore and to the upper part 
of the digestivte tract which are concerned with pulling the polypide in during invagination. 

Sessoblast —A statoblast which was formerly called sessile, fixed or attached. Term defined 
in Study XIV. 

Spinoblast —This is a floating or free statoblast which is provided with spines, barbs or 
hooked processes. It is more fully defined in Study XIV. 

Statoblast —A hard chitin-walled body or gemma of various but characteristic shapes pro¬ 
duced in large numbers by many fresh-water Bryozoa. It contains within its capsule 
germinative material which is capable of producing a colony when conditions are suitable 
for its germination. f 

Tentacular Crown —Consists of the lophophore and its tentacles 

Tentacular Sheath— That part of the introvert which encloses the tentacles when the 
polypide is in vagina ted. 

ZoARiUM— Refers to the colony of the Bryozoan. 

ZooEauM—The external skeleton or remains of the firmest part of the body wall of an indi¬ 
vidual of a colony. 

ZooTD or Zoid—A ny one of the living individuals of a colony. 
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A NEW SPECIES OF AGRILUS FROM KENTUCKY 

(B UPRESTIDAE: COLEOPTERA) 

J. N. KNULL 

Department of Zoology and Entomology 
The Ohio State Uni varsity 


Agrllus cladrastii n. sp 

Male —Size and form of A. celti Knull, uniformly dark bronze; legs with greenish lustre; 
head metallic green on front. 

Head convex, granulose on front, finely longitudinally rugose on occiput, clothed on lower 
half with dense white pubescence; antennae extending beyond middle of prothorax when l.%id 
along side, serrate from fifth joint. 

Pronotum wider than long, narrower at base than nt apex; sides subparallel in front, strongly 
narrowed basally; when viewed from side, marginal and submarginal carinae separated in front, 
united near base; anterior margin sinuate with broad median lobe; basal margin transversely 
sinuate; disk convex, with two slight median depressions, a deep lateral depression each side 
near margin, prehumeral carina on each side well marked. Scutrflum transversely carinate, 

Elytra wider than base of pronotum; sides subparallel basally, constricted about middle, 
widened back of middle, then narrowed to rounded serrulate apices; disk feebly longitudinally 
depressed, sutural margin elevated posteriorly, a broad basal depression on each elytron; surface 
imbricate. 

Abdomen beneath finely punctate, pubescence inconspicuous, first two segments flattened 
in middle, slightly concave. Prostemal lobe broadly rounded in front, broadly enmrginate at 
middle. Posterior coxa with hind margin broadly emarginate, outer angle rectangular 
Anterior and middle tibiae mucronate on inner margin at apex. Posterior tarsi shorter than 
tibiae. Tarsal claws similar on all feet, cleft, outer tooth long, acute; inner tooth broad, 
very short. 

Length 4.6; width 1 2 mm. 

Female .—Differs from male by not having tibiae mucronate; first two abdominal segments 
convex at middle. 

Described from a series collected on the foliage of yellow wood (CladrasUs lutea (Mich.)), at 
Lexington, Ky., April 15, 1941, by L. H. Townsend. Holotype male, allotype and para types 
in collection of writer. Para types in oollet'tions of University of Kentucky and The Ohio State 
University 

This species runs to A . celti Knull in Fisher's key.^ The males lack the brilliant viridescence 
of many celti and the median ventral line of pubescence extending from prostemum to second 
abdominal segment of celti is lacking. The male genitalia arc dilTerent also, 

^W. S. Fisher, 1928. U. S. Nat. Mus. Bull. 145; 1-347. 
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A COPEPOD PARASITE OF THE CISCO FROM TROUT LAKE, 

WISCONSIN 

WII.BUR M. TIDD 

Department of Zoology and Entomology, The Ohio State University, 

and 

RALPH V. BANGHAM 
Department of Biology, College of Wooster 

In the summer of 1944 two copcpods, belonging to the genus Salmincola, were 
collected by Ralph V. Bangham from ciscos, caught in Trout Lake, Wisconsin. 
The body conformation and appendages are distinct from any of the described 
species. F6r this reason we suggest that our specimens are members of a hitherto 
undescribed species of the genus Salmincola. 

Salmincola witconsinentiB n. sp. 

FemoXe ,—^The cephalothorax (Fig. 1) is strongly arched dorsally. A dorsal view of this 
region (Pig. 2) shows that it is greatly elongated and narrowed anterior to the bases of the second 
maxillae. The trunk is curved dorsally, its ventral surface flattened and containing a number 
of transverse grcwves. Each first antenna (Fig. 3) is two-jointed, the terminal joint carries a 
small spine near its base and is tipped with one large and two somewhat smaller ones. The 
sec-ond antennae (Fig. 4) are biramose. The exopod is knob-shaped and covered with man\' 
sharp, curved spines; the endopod is two jointed, the basal joint is broad and also covered with 
spines, the terminal joint narrow and armed with a broad spine on the side next to the exopoditc. 
Upon the lateral border of each of these second antennae is a small elevated surface covered 
with tiny, blunt projections. The mandibles (Fig. 5) are slender and ea(‘h is armed with five 
distal teeth. Each first maxilla (Fig. 6) ends in two thumb-shaped projections, a third of these 
is located some distance behind the other two and curves backwards. Each of these projections 
carries a small spine at its tip. The very prominent maxillipedes (Fig. 7) are set well forward 
of the attachment arms (second maxillae). Each of these appendages is comtx)sed of three 
joints. Like 5. inermiSy they do not terminate in hooks, as in other species. These appendages 
are without palps. The second maxillae (Fig. 1) are nearly as long as the trunk. At their 
extremities they are joined, by a very short stalk, to an elliptical bulla. This structure is firmly 
anchored in the flesh and serves to attach the parasite to its host. 

Only one of our specimens c^arries egg sacs. The eggs arc arranged m five longitudinal rows. 

Total length (excluding egg sacs) 6.25 mm.; length of cephalothorax 2.50 mm ; length of 
trunk 3.75 mm., width 1.20 mm.; length of egg sacs 10.32 mm. 

Male; Unknown. 

Host; Leucicthys artedt clemensi Koelz. 

Location: Upon the surface of the body and fins. 

Holotype: U. S. Nat. Mu.s Catalog No. 81553. 

DISCUSSION 

The affinity of the species described above is with 5. inermis (Wilson) which 
is also a parasite of the cisco. However, it can be readily differentiated from 
Wilson's species by the marked differences in the morphology of the antennae, 
narrow and pointed head, and an entirely different shaped bulla. The egg sacs 
are not turned forward along the sides of the body as in S. inermis but are carried 
behind the trunk. The two species differ further in their choice of a location upon 
the host. 5. inermis is a parasite of the gill cavity. Its umbrella-shaped bulla is 
held among the gill filaments, while in 5. wisconsinensis this structure is firmly 
embedded upon the surface of the body and fins. 
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All figures drawn by the aid of a camera* lucida from glycerin mounts. 

Fig. 1. Lateral view of female. Fig. 2. Dorsal view of cephalothorax. Fig. 3. First 
antenna. Fig. 4. Second antenna. Fig. 5. Mandible. Fig. 6. First maxilla. 

Fig, 7. Anterior view of a maxilHpede. 
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Foondationi of Plant Geography 

In an effort to discover for himself, at least, what some of the fields of science contribute to 
interpretive plant geography, Professor Cain has attempted to evaluate the materials, concepts 
and principles of paleontolo^, taxonomy, evolution, genetics and cytology. The end result of 
the survey is a volume which he hae called "Foundations of Plant Geography"—a title implying 
rather more than the book contains 

With this observation, however, it must be immediately remarked that what Cain found 
out for himself is of interest to and constitutes necessary study for, both informed teachers of 
ecology (plant and animal) and serious advanced students alike. The factual materials in this 
volume are presented with a studied broadness of view and an apparent thoroughness of exam¬ 
ination of the subjects included, and the discussions are supplemented with such an abundance 
of examples illustrating many concepts and principles, that tew will read the book without much 
profit. Probably only those who are as conversant as the author with the large literature of the 
several fields treated (among whom the reviewer is not one) can appreciate the difficulties encoun¬ 
tered in bringing these materials to their present state of integration, or critically review the 
work with respect to many of its details. 

The volume is presented in five parts, the first of which consists of a brief discussion of the 
inter-relations of the specialized plant sciences and their importance to interpretive plant 
geography. Certain previously-stated principles of ecology are reviewed, examinerl, and illus¬ 
trated with examples from the literature. Part II deals with paleoecology as a tool of the plant 
geographer, with a rather full discussion of its limitations, the identifi<'.ation of fos.sils, and their 
use in the determination of composition, dominance, living conditions, migrations and evolution 
of vegetation. The chapter on pollen analysis is esp^ially clear and complete. 

Dispersal, migration endemics, endemism, species senescence, discontinuous distribution, 
vicarious forms and areas, polytopy and polyphylesis, as well as center of oripn and criteria for 
indicating center of origin, make up some of the topics discussed under the subject of Aerography. 
Part IV is an assemblage of "some of the conclusions regarding relations between evolutionary 
processes and their results and plant geography.” Part V is a discussion of the significance of 
polyploidy in plant geography. The latter three sections are in part, more philosophical and 
illustrative examples are sometimes wanting. 

The book is something more than a compilation of principles and examples. It is an 
attempted synthesis, based in general on the Clcmcnjsian school of thought, despite the author's 
renunciation of the Neo-Lamarckian views of Clements; and despite his warning that the 
organismal nature of vegetation is open to question, assumptions discarded by many ecologists 
years ago. To the fields of physiology, physiography, pedology and climatology, the author 
gives no special treatment, although utilizing certain principles of each. For many, these too, 
form a part of the foundations of plant geography. While most of the material included seems 
fundamental and pertinent, one curious tendency should be mentioned. It is with hope and 
expectation of something concrete that one approaches certain discussions such as the chapter on 
specnes senescence, only to be impressed with the futility of the whole treatment by the author's 
closing remark: "Other explanations can be found that have a factual basis and do not have an 
anthropomorphic taint.” A similar impression is gained from the classification of plant prop- 
agules on the basis of their migration "adaptations.” After much grandiose terminology and the 
listing of obvious advantagCvS, the discussion is concluded with the statement: "On the other 
hand, Carex, with no particular means of dispersal, is distributed all over the world.” 

To this reviewer at least, the absence of any special treatment of microclimates, barriers and 
certain physiological aspects of the subject, is conspicuous, although the author does plead "lack 
of space” to those specialists who might decry omissions. 

Throughout the volume the author has eased the reader's approach to new topics with a 
statenjent of principles, which he proceedes to examine, discuss and illustrate. About 100 maps, 
tables and charts emphasize and cl^y certain data and concepts, A bibliography of 720 titles 
is included. 

The diversity of the specialized sciences that make up the foundation of plant geography, 
their many inter-relations, their overlapping viewpoints, and the difficulty of obtaining complete 
field data in ecological study, are adequately indicated. With a need for a lucid presentation of 
the relations among these anastomosing disciplines and methods—with such a need for this 
pioneer job in particular—it is r^rettame that so much of the terminology is unnecessary, and 
some pedantic. Nevertheless, it is a much-needed, usdul and stimulating work—/oAn iV. Wolfe. 

Foundations of ^ant Gsography, by Stanley A. Cain, Harper and Brothers, New York. 
1944. $5.00. 
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EPIPHYTOLOGY OF WINTER WHEAT MOSAIC 

FOLKE JOHNSON^ 

The Ohio State University, 

Columbus, Ohio 

In the spring of 1919 there appeared in Madison County, Illinois, a disease 
in winter wheat previously unknown in the United States. Subsequent observa¬ 
tions revealed the same disease existing in Indiana. The disease has been referred 
to by such names as ‘^take-all/’ so-called-take-all,” ‘'wheat rosette,'* and finally 
"wheat mosaic',’’ after the causal agent was proved to be a virus. Previous 
to the discovery of the virus nature of the malady by McKinney (17), spectilation 
arose that the trouble was caused by the feeding of certain insects, such as the 
Hession fly, Phyiophaga destructor Say, wheat straw wonn Hormolita grandis 
Riley, or wheat stem maggot Miromyza americana Fitch, or that unfavorable 
soil relations were responsible (22). Wheat mosaic virus Marmor tritici H,* is 
of unusual interest because under natural conditions the causal agent is transmitted 
through the soil (Hi, 17, 30). When seed of a susceptible variety of winter wheat 
is planted in virus-infested soil in the autumn, disease symptoms do not usually 
appear in the plants until the following spring after winter dormancy is broken 
(16, 32). Furthermore, soil which previously has produced a diseased crop of 
wheat will retain the virus in an active state for at least six years even though 
no susceptible plants are present during this interval. 

Because of these interesting facts the writer undertook a study of the disease 
to determine, if possible, how the plants became inoculated under natural field 
conditions. It is the purpose of the present paper to discuss some experiments 
on this and related problems. 

Geographic Distribution 

In the United States wheat mosaic has now been reported from Illinois, Indiana. 
Kansas, Maryland, Nebraska, North Carolina and Virginia (20). Wheat mosaic 
has been found also in Egypt (14), Japan (29) and Russia, where it is present 
in ^ilmost all provinces where winter wheat is grown (33). 


'This study reports investigations conducted while the writer held the Elizabeth Clay 
Howald "Scholarship, and the Muellhaupt Scholarship, Department of Botany, Ohio State 
University. The writer's present address is: Washington Agricultural Experiment Stations, 
P. Q. Western Washington Experiment Station, Puyallup, Washington. Grateful acknowl¬ 
edgment is made to Dr. R. M. Caldwell of Purdue University, and to Dr. Benjamin Koehler 
of the University of Illinois, for their kind assistance in getting this study started, and to 
Dr. E, N. Transeau, Dr. W, G. Stover and Dr. C, C. Allison, Ohio State University, for their 
aid in the preparation of the manuscript. Paper the Department of Botany, The Ohio 
State University, No. 471. 

•The Latin name of the virus follows the system of nomenclature in the Handbook of 
Phytopathogenic Viruses (4). 
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Symptomatology 

It is not possible in this paper to give the characteristics of each virus known 
to cause mosaic in 'wheat, but only a brief description of the disease will be given 
as the symptoms appear on susceptible varieties infected under field conditions in 
the area east of the Mississippi river. Very detailed and comprehensive descrip¬ 
tions of disease symptoms have been made by other investigators (6, 16, 20, 22, 23). 

FIELD SYMPTOMS 

Wheat mosaic is best recognized in the spring. The field is spotted with areas 
containing diseased plants scattered at random regardless of the soil type or 
condition. The plants in these areas are severely dwarfed and in some instances 
may be dead and lying on the surface of the ground with a few healthy appearing 
plants present among the diseased, thus giving an uneven appearance. The 
affected areas are irregular in shape, varying in size from a few feet in circumference 
to patches which may comprise almost the entire field. The margins of these 
patches are more sharply defined than those circumscribing diseased areas caused 
by unfavorable soil relations. 

HOST SYMPTOMS 

There are two types of symptoms of wheat mosaic, depending upon the variety 
of wheat observed. In the variety Harvest Queen, a rosetted condition develops 
which is characterized by excessive tillering, giving the plants an unusually 
dwarfed, compact appearance. Such plants are darker green than healthy ones. 

In very susceptible varieties such as Purdue No. 1, Purkof and Illinois No. 2, 
wheat mosaic virus produces stunting without excessive tillering in addition to 
a mottled condition consisting of light yellow areas intermingled with the normal 
green (Pig. 1). These light yellow patches may be nearly circular to oblong in 
shape, or may take the form of large chlorotic streaks which are parallel to the 
leaf veins. Similar characteristics are seen on the glumes, leaves, leaf-sheaths 
and stems. This type of mottling is generally referred to as yellow mosaic in 
contrast with green mosaic which exhibits a mottle consisting of small patches or 
streaks of a darker green color than normally present in healthy plants. Diseased 
plants may survive the acute phase of the disease and produce imperfectly filled 
spikes which are shorter than the spikes of healthy plants. 

HISTOPATHOLOGY 

Microscopic examinations of stained sections of diseased plants from areas 
where the virus is carried in the soil reveal intracellular vacuolated bodies in the 
host cells (21). Similar bodies are not found in healthy plants and this fact has 
been used to determine whether plants are infected if no other macroscopic symp¬ 
toms are visible. This criterion is not reliable in all cases, since no intracellular 
bodies are produced in wheat infected with the virus (18) occurring west of the 
Mississippi river. These vacuolated bodies may occur singly or in groups of two 
or three, and may be found in any position within the cjrtoplasm. Similar bodies 
have also been described from mosaic diseased wheat in Japan (28, 29) and 
Russia (36). 


Experiments on Virus Transmission 

ItfBCHANICAL METHODS 

Wheat mosaic virus is transmitted with difficulty by mechanical means from 
diseased to healthy susceptible wheat. It has been ^own that cool temperatures 
are favorable for infection (20, 30), but since these conditions do not always exist 
in most greenhouses in the spring and sttnuner, considerable difficulty is encoun¬ 
tered in keeping a viable culture of the virus throughout the year. This is 
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especially true when one consider* 
field-infected plants are matured. 

In an attempt to determine 
the best method of inoculation, 
the rubbing method described 
by Jones (8) was compared 
with the needle-prick method. 
Carborundum powder was 
dusted over the plants before 
inoculation with infectious 
plant juice which was prepared 
by grinding parts of diseased 
plants in a mortar with a 
pestle. The mortar and pestle 
were previously sterilized, and 
a few drops of tap water were 
added to the inoculum to facili¬ 
tate inoculation. Only young 
plants in a stage of rapid 
growth were inoculated. For 
the needle-prick method of 
inoculation a small piece of 
cotton was wrapped around 
the point of a dissecting needle 
allowing the point to protrude 
slightly through the cotton. 
The needle-point was kept 
moist by dipping the cotton in 
the inoculum at frequent inter¬ 
vals, after which the plants 
were pricked in several places. 
Inoculations were made mostly 
on the leaves and stems but in 
one experiment plants were 
inoculated on the roots. In 
this case the plants were first 
grown in sand then removed 
and the debris washed from 
the roots in running tap water, 
after which they were inocu¬ 
lated and transplanted in non- 
infested soil in clay pots. 
Infectious plant juice was ex¬ 
tracted from either the roots or 
tops of plants and used sepa¬ 
rately as inoculum in, com¬ 
parative tests. 

Table I summarizes the 
results obtained with four sus¬ 
ceptible wheat varieties. It 
will be noticed from the table 
that there was no advantage in 
inoculating the roots, and no 
infection was obtained with 


that the greatest source of the virus is lost after 



Fig. 1. Symptoms of mosaic in Purdue No, 1 wheat. 

The two leaves on the left show different types of mottle 
and are from plants which became infected with virus 
through the soil. The leaf on the right is healthy. 
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inoculum extracted from the roots of diseased plants. Neither method of inocu¬ 
lation was very efficient in transmitting the disease; however, these experiments 
were performed in late spring when the temperature was relatively high and often 
reached 80° F., or higher. For best results a cool uniform temperature of about 
60° F. is desirable (20). 


TABLE I 

Comparison of the Rubbing Method of Inoculation with the Needle'Prick Method, Using 
Infectious Plant Juice as Inoculum Extracted from Roots or Tops of Diseased 
Wheat Plants a«d Inoculations Made in Either Roots 
OR Tops of Healthy Plants 



Plants Inoculated in Rtxus 

Plants Inoculated in Leaves 

AND Stems 

Suscepts 

Needle-prick 

Method 

Rubbing 

Method 

Needle-prick 

Method 

Rubbing 

Method 


Inocuium: 

from 

1 Roots 

Inoculumj 
from 
Tops 1 

Inoculum 

from 

Roots 

Inoculum 

from 

Tope 

Inoculum 

from 

Roots 

Inoculum 

from 

Tops 

Inoculum 

from 

Roots 

Inoculum 

from 

'I'opB 

Harvest 

Queen 

Purdue No. 1, 
Purkof... 
Illinois No. 2. 

0/76. 

0/76 

0/76 

0/76 

0/63 

0/73 

0/69 

0/78 



0/38 

6/43 

3/32 

4/64 


•The numerator mdicates the number of plants diseased and the denominator the number 
of plants inoculated. 

INFECTION OF VERNALIZED WHEAT FOLWWING GERMINATION 
IN VIRUS-INFESTED SOIL 

Mosaic symptoms develop in wheat in the spring following winter dormancy, 
but not in winter wheat planted in spring except in rare instances when unusually 
low temperatures prevail for a prolonged period (20). Spring wheat is also sus¬ 
ceptible to infection when planted in the fall, but not when spring ^own (18, 20). 
It seemed interesting to determine if wheat could be infected imder artificial 
winter conditions produced in the laboratory and greenhouse. 

The experiment was divided into two parts. In one test the seeds were sown 
in virus-infested soil and allowed to grow at room temperature for 18 days, after 
which time the plants were vernalized by subjecting them to a temperature between 
2° and 3° C. for 60 days. Water was added to the soil in the low temperature 
chambers to keep the soil moist. After the cold treatment the plants were trans¬ 
planted in either infested or non-infested soil in the greenhouse. The roots were 
washed in tap water to remove as mbch of the infested soil as possible before 
transplanting the plants in non-infested soil. In the second part of the experi¬ 
ment the seSds were germinated in sand Imown to be free from virus, and the 
wheat vernalized as previously described. Following the cold treatment the 
plants were transplanted in virus-infested soil. 

It will be seen by referring to Table II that it is possible to produce mosaic 
in winter wheat by duplicating in the laboratory some of the natural conditions 
to which winter wheat is normally exposed. First, by allowing the plants to 
grow for a brief period in virus-infested soil and second, by subjecting them to 
a cold treatment, followed by normal growth development. Webb (30) has shown 
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that the wheat seedlings become infected in the fall before winter dormancy; this 
condition also seems to hold true under artificial laboratory conditions, although 
in this case the percentage of plants showing disease is much lower than under 
natural field conditions. This result was possibly caused by the small quantity 
of infested soil used in germinating the wheat, prior to the cold treatment. It 
has not been possible to produce mosaic in vernalized wheat germinated in sand 
free from virus, followed by transplanting in virus-infested soil. One thousand 
seedlings of the variety Purdue No. 1 were treated in this manner and not one 
plant showed mosaic. 


TABLE II 

DfiVELOPUBNT OF MOSAIC IN VBRNAUZBD WHBAT GbRMDSATBD IN INFESTED 
AND NoN'INFESTED SOIL IN THE LABORATORY 



Seed Gbruinated in Infested Soil 
AND Plants Transplanted in: 

Seed Germinated in Non-infbsted 
Sand and Plants Transplanted in: 

SUSCEPT 

Non-infested Soil 

Infested Soil 

Non*infe8ted soil 

Infested Soil 

Purdue No. 1 .. 

17/100* 

16/100 

0/100 

0/1000 


•Numerator indicates number of plants diseased, denominator the number of plants 
transplanted. 


INSECTS 

It is reported that the wheat virus occurring west of the Mississippi river 
is transmitted by an unidentified aphid (3), but such evidence is lacking for the 
virus present east of the Mississippi (18). In Ri^ia it has been demonstrated 
(33) that the leaf hopper Laevocephalus {DeUocepkalus) striatus (L.) DeLong, is 
a vector of the wheat virus occurring in that country, but it is not definitely known 
if the Russian virus is related to any of the wheat viruses in the United States. In 
an attempt to gain some information on the natural spread of the disease, it seemed 
important to study several species of local insects as vectors of the wheat 
mosaic virus. 

Diseased plants used as a source of the virus were naturally infected by planting 
the seed in the fall in infested soil. The healthy test-plants, to which the insects 
were transferred after their viruliferous feed, were grown in clay pots and were 
about four inches tall. Insect cages made of celluloid were placed over the wheat 
and pushed into the soil to the depth of one inch. Wheat of the variety Purdue 
No. 1 was used exclusively in these tests. 

One hundred twenty-five mature leaf hoppers, Laevocephalus striatus, were 
collected from a pasture and placed under a cage with diseased wheat. There was 
a high mortality among the insects. Only 23 adults remained alive after a feeding 
period of seven days when they were transferred to five healthy wheat plants. 
Seven days later the insects were removed and the plants observed for mosaic 
S 3 miptoms, but no disease developed up to the time when the plants were in bloom. 

In another experiment the leaf hopper, Agalia sanguinolenta Prov., was tested. 
Twenty adult insects were fed on diseased plants for six days, then transferred to 
five healthy wheat plants where they fed for .an additional 17 days. No mosaic 
had developed on the wheat after an observation period of 60 days. 

The third experiment consisted of testing the leaf hopper, Agalia consiricia 
(Van Duzee) and both maerMterous and brach 5 rpterous forms of the fulgorid 
Ddphacades campesiris (Van Duzee) as vectors of the virus. There were 19 
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insects of A. constricta and 60 of Z?. campestris. All insects were placed in one 
cage and fed on diseased wheat. After a feeding period of six days the insects 
were removed and separated according to species. Each group was then trans¬ 
ferred to four healthy wheat seedlings in separate cages. Daily transfers were 
made to a new set of plants from April 30 to May 21, but in no case did any plants 
become diseased with mosaic. 

One of the common aphids feeding on wheat is Toxicoptera gramineum Rond. 
Specimens of this insect were fed on diseased wheat for three days, then transferred 
and fed an additional six days on healthy wheat. No mosaic developed in the 
test plants In a second trial the same species of insects were fed on diseased 
plants for six days, then transferred to 50 healthy vernalized wheat seedlings 
with five mature aphids placed on each plant. After six days the insects were 
destroyed by fumigation and the plants observed for mosaic symptoms, but there 
was no evidence of virus transmission. 

It must be concluded that the insects tested are not vectors of the virus under 
the conditions of these experiments. 

NEMATODES 

As will be seen from the following discussion, there is a certain amount of 
information which suggests that a soil vector of some kind is responsible for trans¬ 
mission of the wheat virus. It is known that the virus is not carried in the water 
drained from infested soil (31), and if insects hatched from eggs deposited in 
infested soil were responsible for transmission it could be expected that healthy, 
susceptible wheat grown in non-infested soil in alternate rows with plants in 
infested soil would also become inoculated as the insects emerged from the soil 
This does not happen, as only the plants in the virus-infested soil show disease 
Furthermore, insects emerging from the infested soil could be trapped by inserting 
an insect-proof cage over the soil. This the writer has attempted to do, but no 
insects were found in the cages. It has also been reported by McKinney (20) 
and confirmed by the writer that the disease develops in wheat grown in infested 
soil in cages which excludes all outside insects. This circumstantial evidence 
may suggest that the vector is not necessarily an insect, but some other organism 
present in the soil. Such an organism must be able to resist periods of alternate 
moisture and drought for a considerable length of time, as infested soil which has 
been air dried for at least three years produces just as severely infected plants 
when replanted to wheat as similar soils cultivated regularly (20). 

One kind of soil-bome oiganism which fulfills these requirements is the 
nematode. It is known that species of nematodes are able to remain dormant 
from five to ten years (2, 27) and resume parasitism upon the advent of favorable 
moisture conditions. The feeding technique of plant parasitic nematodes has been 
studied in considerable detail by Linford (11, 12, 13). From this work it is con¬ 
cluded that the nematodes puncture the host cells with their stylets and injest 
the cell contents into their bodies by the pulsation of their esophageal bulbs. 
There is also evidence that saliva is injected throt^h the stylet of the parasite 
into the host (11). This method of feeing is similar to that of certain insects 
which are important vectors of many plant viruses. From these considerations 
it seemed worth while to study the nematodes normally present in virus-infested 
soil with regard to their capacity to act as vectors of the wheat virus- 

The nematodes were separated from the virus-infested soil by emplo 3 dng the 
well-known Baermann technique as described by Cort et al., (1). The apparatus 
used in this study is shown in Fig. 2. The nematodes were collected in watch 
glasses by opening the pinch cock on the funnel from six to twelve hours after the 
soil was flooded with water. The nemas were then drawn up in a pipette made 
from glass tubing, one end of which was drawn out to a fine point and either trans¬ 
ferred directly to non-infested soil planted to a susceptible variety of wheat or 
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transferred to Petri plates containing cultures of the fungus Fusarium. The 
nemas multiplied rapidly on the fungus isolates and after two weeks time, from 
the date the nema cultures were started, the substratum was covered with nema¬ 
todes in all stages of development from eggs to mature individuals The nemas 



were separated from the agar by inverting the Petri plates in water. After four 
hours the nemas were drained off in great abundance and transferred to non- 
infested boU planted to wheat. In some cases vernalized wheat was used to test 
for virus transmission. These trials have been repeated six times and many 
hundreds of plants were involved, but in no ctwe was there evidence that the 
nematodes transmitted the virus. 
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In subsequent tests wheat seeds were surface sterilized and germinated in a 
water-agar medium in Petri plates to which nematodes previously separated from 
virus-infested soil were added. The nemas multiplied rapidly and were seen in 
great abundance on the roots of the wheat; however, it could not definitely be 
ascertained if the nemas actually fed on the roots. The plants were later trans¬ 
planted in non-infested soil and observed for mosaic, but no disease developed. 

From this work it seems apparent that the nematodes collected from the 
infested soil were not vectors of the wheat mosaic virus, but it should be pointed 
out that these experiments were conducted at a time when laboratory and green¬ 
house temperatures were highland often reached 90° F., a condition which is not 
conducive for the development of mosaic. 

SuscEPT Range 

Winter'wheat is not a suitable experimental plant for greenhouse and lab¬ 
oratory work since plants must be subjected to a low temperature for a considerable 
period of time before they will develop normally. For this reason it was desirable 
to test other species of plants which might more easily become infected, and which 
could be used to study the virus in greater detail. All tests were conducted in a 
greenhouse and the plants inoculated by the rubbing method. Carborundum was 
dusted over the leaves before inoculation and all the test plants were young and 
in a stage of rapid growth. Following inoculation the plants were washed with 
water from a sprinkling can. Attempts were made to recover the virus from 
inoculated test plants which deviated in appearance from the normal by inoculating 
wheat with plant juice extracted from the test plants. It will be seen from Table III 
that only wheat in the Gramineae family was susceptible to infection. This fact 
is in agreement with McKinney's earlier work (16, 18) in which he found that 
all cereal species in the tribe Hordae were susceptible to the disease by natural 
infection. 

Control 

Although wheat mosaic does not develop in wheat grown in infested soil treated 
with formaldehyde (16) or in soil heated at 60° C. for ten minutes (7), the only 
practical method of control is by planting resistant varieties. It is beyond the 
scope of this paper to list all the varieties reported resistant since this information 
is available elsewhere (16, 23, 32). Recent work by Koehler, Bonnett, and 
McKinney (9) has shown that several varieties produce good yields when planted 
in virus-infested soil. These varieties, listed according to their order of yield 
over a four-year period in three different fields are as follows: Fulhard, Prairie, 
Nabob, Wabash, Fulcaster, Duffy, Thome, Cooperatorka, Fulhio, Michigan 
Amber, Inivira, Harvest Queen 34-1, Red Wave. Sh^herd, and Trumbull. Records 
on lodging resistance were also taken and in this regard their order of importance 
is: Thome, Prairie, Fulhard, Nabob, Duffy, Fulcaster, and Wabash. 

Discussion 

Several vimses are reported as inducing mosaic in winter wheat in the United 
States. The viruses causing mosaic west of the Mississippi river differ from 
those east of the Mississippi in not being transmitted through the soil, and are 
reported transmitted by an aphid, while no insect-vector is known to transmit the 
eastern viruses which are carried with the soil. The two viruses may also be 
differentiated upon the fact that vacuolated bodies are found in the cells of plants 
infected with the eastern virus, while no such inclusions are produced by the 
western virus (18). 

Two types of mosaic are described from the west (19), namely, green mosaic 
and yellow mosaic. The latter appears to cause the most pronounced damage, 
and more recently McKinney (20) isolated seven different viruses from disea^ 
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plants grown east and west of the Mississippi river. The distinctive characteristics 
were based on the symptoms produced in Harvest Queen wheat grown under a 
definite photoperiod, host range, and whether the viruses were transmitted through 
the soil. Each wheat virus was designated by a numeral from one through seven. 
It appears to the writer that a better method would be to consider only two 
distinct viruses as causing wheat mosaic in the United States. Wheat mosaic 

TABLE III 

Plants Tested for SuscEPriBiLnv lo the Whkai Mosaic Virus 



No. 

Plants 

Tested* 


No. 

Plants 

Tested 

Chenopodiaceae 


Phaseolus aureus Roxb. 


*Beia vulgaris L. (sugar beet)** . 

0/10 

♦var. Natives (so-called) 

0/60 

Con^sitae 

dalltstephas chinensts Nees 


♦var. Purdue 

0/60 

0/10 

♦var. Select, No 12 

0/50 

*Helianthus annus L 

0/25 

P. mlgarts L. 

Lactuca saliva L 

0/7 

♦var. Early Golden Cluster 

0/50 

Fagetes erecta L 

0/6 

var Kentucky Wonder 

0/14 

Taraxacum officinalte Welier 

0/6 

var. Unrivalled Wax 

0/16 

* Zinnia elegans Jacq 

0/20 

Pisttw satiram L. 

Cucurbitaceae 

var Laxtons Progress 

0/25 

Cucumts melo L 

0/7 

var Little Marvel 

0/26 

C. saiivus L. 


var Notts Excelsior 

0/25 

var. Evergreen Ptcklmg 

0/32 

var Potlatch. 

0/25 

var, Longfellow .... 

0/29 

Soya max (L.) Piper 


Cruciferae 


var. Canaday 

0/12 

Brassica rape L 

0/20 

var. Chief 

0/12 

Gramineae 

var D-1 

0/14 

Oryza saliva L. 


var. Dunfield 

0/15 

var. Acadia 

0/26 

var Illint 

0/15 

var. Blue Rose 41 

0/24 

vat L 6 12 

0/12 

var. Early Prolific . 

0/29 

var. L 6-686 

0/16 

var Improved Blue Rose 

0/29 

var. Mandarin 

0/14 

var. Rexoro 

0/20 

var. Mingo 

0/13 

Saccharum offtcinarum L, 

0/10 

var. Patoka 

0/14 

Sorghum vulgare 


var. Richland 

0/14 

var. caflFrorum (Thunb.)Hubb, 


var. Scioto . 

0/15 

& Rehder 

0'30 

var. Wisconsin H06 

0/14 

var. saccharatum (L.) Boerb. 


var Wynco 

0/10 

*Amber. 

0/38 

Trifolium incarnatum L 

0/10 

*Atla8 .. , ., 

0/48 

T. pratense L 

O/IO 

Trilfcum aesUvum L. 


T. repens L 

0/10 

var. Harvest Queen 

1 0/76 

*Vigna sinensis (L.) Endh 

0/60 

var. Illinois No. 1 . 

3/84 

Liliaceae 


var. Purdue No. 1 , . . 

6/68 

Allium cepa L . . . 

0/6 

var. Purkof. 

3/83 

Linaccae 


Zea mays L. 


Ltnum ustlaltssimum L, 

0/12 

♦Hybrid Golden Cross Bantam. 

0/50 

Solanaceae 


♦Hybrid Indiana 616 

0/50 

Capsicum frutescens L 

0/3 

♦Hybrid Iowa 939 . 

0/50 

Lycoperstcon escutenlum Mill . . 

0/10 

Leguminosae 


Nicotiana glultnosa L 

0/10 

Mtdicage lupuUna L 

O/IO 

N. rusticah 

N. labacum L 

Solanum mgrum L 

o/io 

O/IO 

0/7 


•The numerator indicates the number of plarits diseased; the denominator indicates the 
number of plants inoculated. 

^Plants checked with an asterisk indicates these plants showed unusual .symptoms follow¬ 
ing inoculation and that attempts were made to recover virus from them by using wheat as a 
test plant; but no virus could be demonstrated. 
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virus occurring cast of the Mississippi river and classified by Holmes (4) as Marmor 
tritici H., would retain the name wheat virus 1, according to the numerical 
classification. What McKinney refers to as wheat virus 2 and wheat virus 3 
may be regarded as strains of wheat virus 1, and thus would be designated as 
wheat virus lA and IB, respectively. The viruses occurring west of the 
Mississippi may be designated as wheat virus 2, with the virus referred to by 
McKinney as wheat virus 4 considered the type strain Following this system 
further, wheat viruses 5, 6 and 7 would be regarded as wheat viruses 2A, 2B, and 
2C, resi^ectively. Until more is known about the distinctive properties, a Latin 
binomial is not suggested for the western virus. 

The viruses inducing mosaic of wheat in Japan are probably closely related to 
the eastern virus in the United States (5, 28). Two types of mosaic have been 
described, namely, green mosaic and yellow mosaic. These are distinguished 
by the difference in vacuolated bodies present in the host cells of diseased plants 
and by differential wheat varieties susceptible to the vimses (29, 15). 

In Russia there appears to be two distinct viruses capable of causing mosaic 
in cereals, the virus causing mosaic of oats known as “zakooklivanie^’ (pupation 
disease), and the virus of winter wheat mosaic. Both vimses are infectious for 
both oats and wheat as well as other plants, but certain characteristics differ¬ 
entiate them. The vims causing '^zakooklivanic'* produces vacuolated bodies 
and protein crystals in cells of infected plants, while the wheat vims does not 
induce the formation of protein crystals (24). In diseased spring crops the oat 
vims causes excessive tillering, while the wheat vims seems to have no such 
effect (34). Furthermore, different insect vectors are involved. The vims 
causing mosaic in oats, ^‘zakooklivanie,'* is transmitted from diseased to healthy 
plants by Delphax siriatella Fallen (26), while Laevocephalus {Deliocephalus) 
striaius (L.) De Long, is reported a vector of the wheat mosaic vims (33). Neither 
vims is transmitted by mechanical methods and wheat does not become infected 
through the soil (34), although the reports on infection through the soil by the 
oat vims are in conflict (10, 25). 

What the relationship is between the Russian vimses and those present in the 
United States is not clear. If we compare soil transmission then the wheat vims 
in Russia is much like our western vims, and if we consider the histopathology 
then the Russian vims compares favorably with our eastern vims since both 
induce the formation of intracellular inclusions. 

There is not enough information on the wheat vims occurring in Egj^t to make 
comparisons with any of the other known cereal vimses. 

FVom what is known about the wheat mosaic vims occurring east of the 
Mississippi river in the United States, the writer is constrained to believe that a 
soil-bome organism is the vector. This might be an insect, or some other parasite 
living in the soil. Although nematodes did not transmit the vims in this study, 
the writer feels that more work should be done on this problem. It is possible 
that the technique employed was inadequate to demonstrate this point. For 
instance, the next logical step would be to subject the plants to winter conditions 
after the nematodes were allowed to come in contact with the wheat plants to be 
inoculated. 

Summary 

Wheat movsair is present in Illinois, Indiana, Kansas, Maryland, Nebraska, 
North Carolina and Virginia. From abroad the disease has been reported in 
Egypt, Japan and Russia. 

The vims causing the disease east of the Mississippi river is transmitted to 
susceptible plants through the soil and produces two distinct t3rpes of S)miptoms. 
In the variety Harvest Queen a stunted,’ rosetted condition is produced, with or 
without mottling. In other varieties such as Purdue No. 1, Purkof, and Illinois 
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No. 2, stunting is pronounced without excessive tillering. In these vaneties a 
mosaic mottling is the predominant early symptom of disease. Vacuolated 
intracellular bodies are present in cells of diseased plants, but not in healthy. 

The virus is transmitted, with difficulty, from diseased to healthy wheat plants 
by mechanical means. Inoculum extrac'ted from roots of diseased plants did not 
produce infection in healthy plants by the rubbing method of inoculation nor 
by the needle-prick method. It is possible to induce the disease in wheat by 
artificially subjecting the plants to the normal temperatures to which winter 
wheat is exposed after allowing the plants to grow in virus-infested soil for 18 days. 

The insects, Laevocepkalus {Deliocephalus) striatus, Agalia sanguinolenia, A. 
constricta, Delpkacodes campesiris, and Toxicoptera gramineum, did not transmit 
the virus. Nematodes were also tested as vectors but the results obtained, with 
regards to transmission, were negative. 

Several species of plants were tested for susceptibility to the disease by mechan¬ 
ical inoculation, but symptoms were produced only in wheat. 

The only practical method of control in areas where the disease is prevalent 
is to grow resistant varieties. Several of these have been found to produce good 
yields on virus-infested land. 

Two viruses may be considered as causing mosaic of winter wheat in the United 
States. The virus east of the Mississippi river is transmitted through the soil 
and induces the formation of vacuolated intracellular bodies in cells of diseased 
plants. The western virus is not transmitted through the soil and produces no 
intracellular bodies in cells of infected plants. 

The virus causing mosaic in Japan is probably closely related to the eastern 
virus present in the United States, but the wheat virus in Russia has characteristics 
of both our eastern and western viruses, 
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THE ALGOLOGIST AND WATER SANITATION* 

CLARENCE E. TAFT 
The Ohio State University, Columbus, Ohio 

A potable water is a necessary adjunct to the devlopment and well being of a 
community. Each member expects, as a part of his communital rights, a pal¬ 
atable and pure water supply. If the water becomes distasteful because of sedi¬ 
ment, peculiar flavors and odors, or if drinking it results in illness, then, and only 
then, will he give any consideration or thought as to the source, contaminating 
factors or the chemical ^nd physical treatment which contribute to the purity of 
the supply 

The highly technical engineering principles and problems connected with the 
location, construction and operation of reservoirs and purification plants are 
beyond the scope of this paper. Only those that pertain to the elimination of 
aquatic organisms which may interfere with the delivery of potable water to the 
consumer will be considered. Likewise, bacteriological examination is a separate 
study and will be ignored except in a few instances where the intimate relations 
between bacteria and plankton involve the algologist 

To the caUvSal observer, the work of the algologist in connection with water 
supplies is something new in the application of microbiology. Instead, it is a 
science which has been developing for nearly a century, and if I may predict, will 
become more and more important as the centralization of populations and indus¬ 
trialization increases in this or any other country. 

The industrialization of an area with a subsequent increase in population 
demands a substantial increase in the water supply This demand is met by 
utilizing surface water available in lakes or rivers. Unlike the inadequate, but 
relatively pure well water, these surface supplies create a major problem in which 
algae specifically, and microorganisms in general rdust be combatted. 

Although the study of microorganisms began with the invention of the com¬ 
pound microscope near the beginning of the seventeenth century, it was not until 
about 1850 that their importance in water supplies was recognized. After Hassall 
in England and Cohn on the continent first directed attention to the importance 
of microorganisms, the next fifty years saw important and far-reaching investiga¬ 
tions carried on by numerous workers in this country as well as in Europe. While 
these investigations were of basic importance for future work, none of them 
resulted in a systematic examination of any particular water supply until the 
Massachusetts State Board of Health in 1887, established and has since maintained 
such a survey. Numerous cities soon followed its example. However, satis¬ 
factory methods to control microorganisms were not known until 1905 when Moore 
and Kellerman proposed the use of copper sulfate for the elimination of algae. 
This was the beginning of the modem period of algal control in water supplies. 

All natural water sources such as lakes, rivers, streams and ponds, and in some 
cases, ,artificial wells which are maintained by underground streams, contain 
plankton. The name plankton’* is applied in water supply work to all micro¬ 
scopic or near-microscopic organisms, both plant and animal, which maintain a 
free-floating existence in bodies of open water. Although plant and animal 
plankton are involved in water sanitation, the microscopic plants or algae, are of 

'Papers from the Dept, of Botany, The Ohio State University, No. 482. The data per- 
ta'ininff to the Columbus, Ohio, reservoirs were obtained during yearly surveys directed by 
Mr. Charles P. Hoover, Chief Chemist of the Columbus City Division of Water. 
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primary importance because they alone can manufacture and contriubte to the 
food supply of the animal plankton. Elimination of the algae is therefore the 
first step in the control of the animals. 

The identification and the determination of the number of algae present is the 
initial problem in the treatment of any reservoir. The investigator must be able 
to identify all common plankton algae, to the species if possible, under relatively 
low magnification. This is imperative because the counting chambers used do not 
permit the use of high magnifications. Only trained algologists who are thor¬ 
oughly familiar with range in forms and structures of the various species 
encoimtered can satisfactorily undertake this part of the work. 

A great many species of algae may be present in a reservoir but more than 
likely a few species will be foimd in sufficient abundance to affect the water supply. 
Ususally there are great variations in the number of individuals in these species. 
As all species are not equally obnoxious, quantitative rather than qualitative 
studies are necessary. It is not the intention here to enumerate all the plankton 
algae whieh may be encountered. Such information, if desired, may be readily 
secured from standard manuals of the algae. The following list does however, 
present a few of the important flavor and odor producing genera, or which, because 
of shape and structure may prevent proper filtration and necessitate frequent 
cleaning or “backwashing’' of the filter beds. 


BLUE GREEN 
ALGAE 

A nabaena 
Microcystis 
Aphanizomenon 
Rivularia 


GREEN 

ALGAE 

Pandorina 

Volvox 

Tetraspora 

Spirogyra 


YELLOW GREEN 
ALGAE AND 
DINOFLAGELLATES 

Synura 

Uroglena 

Dinobryon 

Ceraiium 


DIATOMS 

A sierionella 
Synedra 
Fragillaria 
Tabellaria 


The diatom genera Synedra, Fragillaria, and A sierionella cause much of the 
filtration trouble, although mats of Spirogyra or other filamentous algae settling 
on the filters may result in similar difficulties. These, as well as a number of other 
genera including those listed above may cause impleasant odors or flavors. ^ Some 
algae, for example the species of Synura which has the odor of cucumbers, may be 
identified on the basis of odor alone. Other odors or flavors produced by algae 
may be described as fishy, grassy, moldy, pig pen, and aromatic such as geranium, 
violet, or nasturtium. Other tlum Synura which is extremely disagreeable, the 
blue green algae probably account for a large proportion of bad tasting water 
because of their wide occurrence and the great rapidity with which they grow and 
multiply. In all instances the odor is presumably due to oils produced within the 
cells ot the alga and liberated into the water upon their death and decomposition. 
This explains the sharp increase in the odor intensity of water for a few days fol¬ 
lowing the application of an algicide. Results of bacteriological studies during 
this period show a great increase in the number of bacteria which is inversely 
correlated with the decrease of the algae. The intensity of the odors are stated 
in terms of “The Threshold Odor Number/' a figure which represents the dilution 
of the sample that is required to reduce the odor to a point where it is just detect¬ 
able, An odor free water is used to dilute the sample. With the realization that 
Synura oil can be recognized in concentrations as low as one part in twenty million 
parts of water it becomes apparent that the algae must be eliminated at the source 
rather than at the pumping station. 

The value of the data obtained will depend largely upon the careful selection 
of stations at which periodic collections are made. These stations should include 
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areas of greatest plankton concentration as well as those that will yield data con¬ 
cerning the effect of tributary streams entering the reseivoir. The extent to 
which sewage or industrial contamination, algal growth, and commercial or 
pleasure navigation may be highly important. 

Samples may be obtained by one or more of several methods. If a complete 
tabulation of all organisms is desired, a known quantity of the water may be 
centrifuged. Another excellent procedure is that known as the Sedgwick-Rafter 
Method. By this method the organisms are removed from the sample by means 
of a layer of fine sand supported on bolting silk, then washed from the sand by a 
measured quantity of distilled water. The objections to this ihethod are the 
amount of equipment necessary, the time necessary for filtration, and a possible 
loss of organisms which stick to the sand. If the results justify the means, and 
extreme accuracy may be sacrificed, then the net method may be used. In this 
procedure a known amount of water is passed through a net of silk bolting cloth. 
These nets come in various size mesh but the No. 20 mesh is relatively satisfactory. 
Although part or all of the small plankton may pass through the net, most of the 
objectionable species of algae are retained. If the net is handled in the same manner 
each time a collection is made, and the same amount of water is passed through at 
each collection, the final result is a figure that represents the relative abundance 
of the important species of algae present. The writer has used this method with 
satisfactory results during the past several summers in plankton surveys for the 
Columbus City Division of Water, Columbus, Ohio. 

The resultant filtrate from the net may be made up to any desired volume 
for easy and rapid computing. In the Colimibus survey, 25 gallons of river water 
are filtered through the net and the resultant sample made up to 50 cc. with a 
standard preservative. At this concentration, one cc. of sample is equal to one- 
half gallon of river water. Preservation of the sample is necessary if they are to 
be kept for even a few hours. If not preserved, decomposition and the use of the 
algae as food by the zooplankton will render the sample useless. A word of caution 
here is advisable. Colonies of Synura, Uroglenopsis and A phanizomenon dis¬ 
integrate upon preservation. Samples containing these genera should be worked 
while still living, or immediately after fixation. The latter is better with motile 
algae as it is almost impossible to coiuit the living organisms. The population is 
determined by transferring one cc, of the sample to a standard counting chamber 
holding one cc. and which is one mm. deep. By using a Whipple disc which has 
been calibrated to give a field of one sq. mm., the number of each species in one 
cu. mm. of sample is determined. At least ten such ‘‘counts'* should be made, 
and for greater accuracy up to twenty-five should be made. The average of these 
counts multiplied by one thousand will give the average number of each organim 
in one cc. of the sample. If this one cc. of sample represents one-half gallon of 
water then the average number of each organism per gallon of water in the reservoir 
is easily computed by doubling the number in the sample. If it is desirable to 
have the final results expressed in terms of the metric system one may work with 
liters instead of gallons. However, if the work is part of an organized program 
of a City Water Filtration Department, it is well to keep results in the terms 
ordinarily used by other workers at the station. 

Cotints should be made at intervals of not more than one week. If the results 
show a rapid increase of one or more objectionable species, steps toward their 
elimination should be taken immediately. If development is allowed to continue, 
^e resultant “Water bloom'* will be so intense that treatment will result in 
extremely dis^eeable odors. If the bloom i& checked early in its development, it 
Mil be less difficult to control, and the after effects are far less evident to the 
consumer. Control should also be initiated if there is a general and steady increase 
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of all species because the enormous volume of decomposing organic material will 
produce some disagreeable odors or flavors. 

The most satisfactory method for the control of algae in reservoirs, lakes, * 
ponds or pools is that proposed by Moore and Kellerman in 1905. The control, as 
previously stated in this paper, is accomplished through the use of copper sulfate. 
This compound as an algicide is cheap, effective, easily applied, and harmless to 
human beings in the concentrations found effective. Any objections to its use in 
drinking water are unfounded. Copper is normally present in the human body 
and many of our foods contain greater quantities of the metal than is found in 
the water following treatment When CUSO 4 is applied to the water in a reservoir 
much of it changes to insoluble compoimds so that the water which reaches the 
consumer has an extremely low concentration of soluble copper compounds. 

The following list of algae with the concentrations of CuS 04 effective m their 
elimination should allay fears in this regard. In each instance the figure following 
the algal name represents the number of parts of water to one part of CUSO 4 . 


Aphantzomenon . 
Anabaena ctrcinulis 
Astertonella 
Synedra 


5,000,000 Pandonna 

10,000,000 Volvox, 

8.000,000 Synura ,.. 

600,000 Sptrogyra. 


100.000 

4,000,000 

3,000,000 

25,000,000 


The above list represents only a portion of an extended list published by Moore 
and Kellerman in the U S Department of Agriculture, Bureau of Plant Industry, 
Bulletin No. 70, 1905. These concentrations, based on water of average hardness 
and having a temperature of 59® F., will vary slightly in water at other temper¬ 
atures and degrees of hardness. The amount of CUSO 4 needed is determined on 
the basis of the volume of the reservoir and the kind of algae present. It may 
then be applied by towing a gunny sack of the crystals behind a slow moving 
motor boat or row boat The process may ,be expedited by the installation of a 
pump and mixing unit in a relative'ly fast motor boat. Powdered CUSO 4 is mixed 
with water pumped from the reservoir and the resultant solution sprayed from the 
rear of the boat. The advantage of this method is a more unifoiTn and better 
application with less waste of material and time. 

There is no possible way to satisfactorily predict the intervals between appli¬ 
cations. Hardness of the water, temperature, and organic content, as well as the 
reappearance of resistant forms of algae all combine to make such predictions of 
little value vSatisfactory results depend upon regular periodic surveys by the 
algologist. In some reservoirs it will be found that treatment is required only 
during the early spring and late summer or autumn months, and may be correlaU'd 
with the usual maxima of diatoms at those periods. In others, the development of 
blue green algae will necessitate continuous treatment throughout the summer. 
In the Columbus, Ohio, reservoirs, spring treatment is seldom necessary because 
of high turbidity. 

If this turbidity is continuous or nearly continuous during the summer, treat¬ 
ment is either eliminated or reduced to a minimum. An excellent example of this 
occurred in the Griggs reservoir at Columbus during the summer of 1943. Figure 1 
shows graphically that five maxima, based on total organisms present, occurred 
between July 1 and November 3. 

In the first four instatices, as the organisms approached proportions indicating 
the desirability of applying CUSO 4 , severe storms occurred over the water shed. 
The resulting turbidity and consequent decrease in light available to the algae 
reduced photosynthesis. This in turn sharply curtailed the growth and number of 
algae. The fifth maximum which occurred about October 13, disappeared shortly 
becau^ of an extended period of cloudy weather, some precipitation, and a sharp 
drop in temperature. Such turbidity provides an excellent natural control for 
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the algae. This method has met with success in ponds and shallow lakes where 
turbidity can be created by artificial means. 

In any algal elimination program there is one precautionary measure of which 
those in charge must be cognizant. If the body of water is open to fishing, it must 
be remembered that CuSO^ is toxic to fish as well as to algae. Although little 
work has been done regarding the tolerance of fish in this respect, it is definitely 
known that the concentrations of copper which they can withstand vary almost 
as widely as they do in the algae. Likewise, the tolerance to the copper depends 
to a great extent upon the carbonates present, the temperature, and the amount 
of organic material. Some of the more common varieties of fish and the concen¬ 



trations of CUSO 4 which may safely used are given below These figures are the 
• rcsvilt of the investigations of Moore and Kellerman. The figures represent the 
number of parts of water used to one part of CuSO^. 

Black Bass. 600,000 Catfish. . 2,600,000 

Sunfish. 760,(KX) Carp . 3,000,000 

Pervh.. , . 1,600,000 Trout ... 7,000,000 

Goldfish . 2,000,000 

Consistent and favorable results during the past forty years prove the 
efficiency of CUSO 4 as an algicide. The tabulation of a few results obtained through 
its use in the Columbus, Ohio, reservoirs will exemplify this efficiency 

On September 21, 1942, the plankton counts at three stations in the Griggs 
Reservoir of the Columbus water supply showed a decided increase in the number 
of organisms present. In order to prevent the development of a late autumn 
bloom, CUSO 4 was applied at the rate of nine pounds per acre. On October 5, 
counts were again made which showed that the development had been checked 
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and the number of organisms considerably reduced. During this period weather 
conditions were relatively constant. A tabulation of the results is given below: 


Station 

No. 

Total Organisms per Gal. 
before Application of CUSO 4 

Total Organisms per Gal. 
after Application of CUSO 4 

1 . 

12,240 

1,440 

2 . 

9,360 

2,400 

8 . .... 

6,480 

1,200 


Another excellent example of algal control resulted from the investigations of 
Professor W. L. Huif, who, in 1915, was employed by the city of St. Paul to study 
the microorganisms of Vadnais Lake, St. Paul, Minnesota. The effects of CUSO 4 
on the microorganisms are shown graphically in Figure 2 . 
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Fig. 2 . Results of copper sulfate treatment of Vadnais Lake, St. Paul, Minn., 1916. 

After Huff. 

Results, such as the above are representative and indicate the success of an 
algal control program. 

The intention of the writer throughout the foregoing discussion has been to 
acquaint the reader with problems connected with algal control in water san¬ 
itation. Although most of the methods have been published, it is felt that a sum¬ 
mary of the local work will help the average consumer to appreciate'the efforts 
being made to supply him with the best possible water. Also that in the future 
the problems of water supply control as purity, freedom from odors, flavors, 
hardness and many other qualities will increase rather than diminish. The 
solution of these problems will dep^d upon adequately trained aquatic biologists, 
bacteriologists and chemists working in co-operation. 












ELEVEN NEW LEAFHOPPERS WITH NOTES ON OTHERS 
(HOMOPTERA: CICADELLIDAE) 

DOROTHY J. KNULL, 

The Ohio Biological Survey, 

Columbus 10 , Ohio 

Alcoaeura socorroana n. sp. 

Near A. planata Ball and DeLong, but male with processes at apex of aedeagus shaft. Slender, 
vertex evenly rounded, pronotum one-third longer than vertex, second apical cell pedunculate. 

Evenly olive green with pale areas as follows: Anterior margin of vertex and median narrow 
line; lateral and anterior margins of pronotum, also short antero-median line; scutellum, median 
line in basal half and lateral line either side defining inner margins of lateral angles, basal area 
and some irregular spots along claval vein, apical area along veins and two indefinite spots in 
outer apical cell Disc of pronotum and inner base of scutellum darker; round black spot in 
fourth apical cell one-fourth distance from base near vein, and small area at base of cell darkened. 
Below, fumose but for anterior margin of head. 

Inner male genitalia.—Aedeagus in lateral view three times as long as basal width discounting 
length of pair of apical dorsal retrorse processes which curve back toward shaft opening and are 
one-third length of shaft: three ventral basal processes parallel with shaft, one median ventral and 
two lateral, extending a little beyond shaft opening, lateral processes longer. I^’gofer process 
heavy, in dorsal view as long as aedeagus, curved gently inward and tapered to apex. 

Female.—Last ventral segment three times as long at middle as broad, narrowed on apical 
third, produced in a rounded lobe, pygofer narrow with line of six white spines either side of 
ovipositor, evenly distributed; ovipositor exceeding pygofer. 

Length: 2.5 mm. , 

Male holotype, two male paratypes and allotype, Sot'orro Co., N. M., July 10, 1940, D. J. & 
J. N. Knull; three teneral specimens, Tucson, Ariz., May 13, 1941, D. J. & J. N. Knull. 

Typhlocyba tdotoentia n. sp. 

Resembling T, lucuUa Medler externally and near T, piscator McA. in type of inner male 
genitalia which are very complex. 

Chalky white with yellowish tinge on head and pronotum, a darkened scutellum, darker in 
median basal area, and pronounced dark band over white crossveins, extending farther anteriorly 
than posteriorly. Eyes dark, vertex with thin impressed median longitudinal line reaching 
almost to apex, a round spot either side near apex; some subcutaneous darkening of pronotal 
disc and area adjacent to scutellum. A dark round spot at inner posterior end of M 4 , an intensely 
darkened streak below outer crossvein and another on outer Ra. 

Male genitalia.—Outer clasper broad basally, contracted below middle; pygofer truncate on 
outer margin, exceeded by claspers and aedeagal proc'esses, style with sharp projecting heel and 
sharply pointed, up-turned toe. Aedeagus in ventral view, a pair of narrow ventral processes 
arises at base and extends ventrad to shaft for two-thirds its length, arms separated at base by 
three times width of shaft and parallel entire length. Apex of shaft broadened slightly and 
curved decidedly ventrad, a pair of incurving processes before apex, a lateral branched pair behind 
them, and a third longer pair curved sharply ventrad toward apex arises still further back. In 
lateral view, aedeagus shaft curved narrowing from broad base to complex apex, forming an 
incomplete semicircle. Shaft somewhat swollen at juncture of processes. Female segment 
roundly produced; ovipositor dark. ^ 

Length; 3 mm. 

Male holotype and paratype, Scioto Co., Ohio, June 10 and 17, 1944, D. J. & J. N. Knull, 
and allotype, Delaware Co., Ohio, July 3, 1942, D. J, & J. N. Knull, 
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Tyfhlocyhti foUoM n. sp. 

Near T, piscaior McA., from which it differs chiefly in having a much paler dorsum. 

Head, pronotum and scutellum ivory, eyes pale, tegmina whitish hyaline, sometimes faintly 
tinged with yellow; areas between sectors anterior to crossveins, slightly dark clouded, distinct 
black marks on veins at outer edge of Ri and on claval margin at apex of vein M 4 . Below pale, 
ovipositor dark and dorsal abdominal segments sometimes narrowly black margined. 

Male genitalia.—Similar to those of preceding and also to those of T. piscator McA. in general 
form. In this species, however, aedeagus has ventral basal processes distinctly curved, S-curved 
in lateral view, and shaft is swollen at base and apex. Two pairs of apical processes, apical 
shorter, almost complete a circle in lateral view. In ventral view apical processes appear straight 
and pointed, the others are enlarged leaf-like and curved forward. 

Length: 3 mm. 

Male holotype and paratypes, four male and one female, Shawnee Forest, Scioto Co., Ohio, 
June 9, 1943, D. J. & J. N. Knull; allotype and two female paratypes, June 17, 1944; four male 
paratypes, June 10, 1944; paratypes from other localities: two males, Hocking Co., Ohio, Sep- 
temb^ 16, 1943; one male, Delaware Co., Ohio, June 27, 1943; one female, Lucas Co., Ohio, 
June 30, 1943; and one male paratype, Great Smoky Mt. National Park, Tenn., June 21, 1942 
(this specimen decidedly yellow-tinged), all collected by D. J. & J. N. Knull. Six paratypes in 
collection of The Ohio State University. 

Erythroneura stupkaonun n. sp. 

In the maculata group near £. triangulata Beamer, but with a distinctly different style in 
inner male genitalia * 

General ground color creamy white, yellowish semihyaline elytra marked with orange. Vertex 
with three basal pale spots, lateral round and median elongate, surrounded by continuous orange 
bands; pronotum with median rectangular spot not reaching margins, with translucent anterior 
lateral arms forming rough Y, spot back of each eye, eyes tan; apex of scutellum orange, remainder 
pale; clavi with three indistinct spots, not joined, coria with similar spots, one on costa before 
humeral angle, three around plaque and one near apex of clavus; crossveins faintly reddened, 
.small black spot in base of cell M 4 . 

Male genitalia.—Pygofer hook single, distinctly S-curved, exceeding pygofer by one-half 
its length, noticeably thickened on middle half, inner edge of thickened portion serrate. Style 
with large foot, heel scarcely projecting, almost a right angle, posterior point longer than base 
of foot, slender, curved very slightly out, sharp. Aedeagus short, heavy, bluntly square, the 
knob-hke apex with lateral wing-like projection, in lateral view narrow, roughened, straight. 

Length: 3.26 mm. 

Male holotype, allotype and paratypes, Smoky Mt. National Park, Tenn., collected in June 
by D. J. & J. N. Knull. Three paratypes in collection of The Ohio State University. 

Named for Mr. Arthur Stupka, Park Naturalist* and his family. 

Erytiiro&eura trautmanae n. sp. 

In the maculata group, resembling £. knighti Beamer, but with unique pygofer hook. 

Creamy white on anterior parts and below, elytra yellowish semthyaline, with orange and 


EXPLANATION OP PLATE I 

Eryihroneura kennedyi n. sp. Figs. 1, pygofer hook; 2, lateral view aedeagus; 3, style. 

Erythroneura noncincla Johnson. Figs. 4, pygofer hook; 6 , lateral view aedeagus; 6 , style. 

Erythroneura vagabunda n. sp. Fi^s. 7, pygofer hook; 8 , lateral view aedeaj^s; 9, style. 

Eryihfoneum corylorubra n. sp. Figs. 10, style; 11, lateral view aedeagus; 12, pygofer hook. 

Eryihroneura gerommoi n. sp. Figs. 13, style; 14, lateral view aedeagus; 16, ventral view 
aedeagus; 16, pygofer hook. 

Eryihroneura trauimanae n. sp. Fijjs. 17, style; 18, lateral view aedea^; 19. pygofer hook. 

Eryihroneura paraescuU n. sp. Pigs. 20, style; 21, lateral view aedeagus; 22, ventral view 
aedeagus; 23, pygofer hook. 

Eryihroneura stv^kaorum n. sp. Figs. 24, style; lateral view aedeagus; 26, ventral view 
aedeagus; 27, pygofer hook. 

Eryihroneura ohioensis n. sp. Figs. 28, lateri^l view aedeagus; 20 , style. 
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apically orange-red markings. Vertex with three basal white spots, median longer, bordered by 
even band, pronotum with median Y-shaped mark, the arms reaching anterior margin, a lau’ge 
angular spot behind eye reaching halfway to posterior margin, scutellum with basal angles and 
apex orange; elytral markings diffuse and indistinct, in some specimens reddened on apical half. 
Clavi with basal anchor-shaped spot and one at apex; coria with indefinite area at base, spot 
opposite hyaline area of clavus and one at apex of clavus, plaque area irregularly colored. Cross¬ 
veins and longitudinal veins brightly reddened, giving the elytral apices a reddish hue, small 
round black spot in base of cell M 4 . 

Inner male genitalia.—Pygofer hook single, point extending very slightly beyond pygofer, 
broad and parallel-sided to apical half where it is toothed on inner margin, turned sharply out 
near apex, then from turn narrowed abruptly to sharp spine-like apex. Style with rather small 
foot; heel large; base curved; anterior point projecting sharply laterad, posterior point longer than 
base of foot, straight, tapenng to apex; aedeagus long, narrow and straight in ventral view; 
broad in lateral view. 

Length: 2.0 mm. 

Named fo^ Dr. Mary Auten Trautman who collected the type series. Male holotype, July 17, 
allotype, July 18, and paratypes July 18 and 21, Hartwick St. Park, Mich.; paratype, Great 
Smoky Mt. National Park, Tenn., June 14, 1942, D. J. & J. N. Knull. 

Erythroneora paraesculi n. sp. 

A large brightly colored species of the maculata group near £. aesctdi Beamer in external 
appearance. 

Ground color creamy white on anterior parts and below, yellowish white on semihyaline 
elytra. Eyes gray, sometimes brown, markings of vertex, pronotum and scutellum pale orange 
and of usual maculata group type. A triangle of dark red occupies basal third of clavus based 
on clavat vein and with apex at scutellar apex; another red vitta forms a heavy irregular U-shaped 
mark on elytra together, with its base including area just above apices of clavi and arms extending 
on coria not to costal margin; a small black dot anterior to costal plaque and outer crossvein 
reddened, an elongate black spot in base of inner apical cell. Elytra markings may be faint in 
specimens taken in June. 

Male genitalia.—The unusual form of aedeagus readily separates this species. Style, posterior 
point almost half as long as base, sharply pointed and curved in; anterior point sharp, less than a 
right angle, slightly projecting; heel sharp, scarcely projecting, base thick. Pygofer hook long, 
slender, straight, tapering to fine point exceeding pygofer by one-sixth its length, curved gently 
ventrad. Aedeagus in lateral view with broad shaft bulging at middle, a ventral spine at middle 
and apex roughened with ventral and dorsal projections, heavy basal lateral processes as long 
as shaft extend laterad and ventro-caudad. In ventral view shaft narrow, broadened at apex 
where it is roughened and has lateral wing-like projections; heavy lateral processes extend straight 
out from base for.half their length, then, broadened a little, extend down and forward, the whole 
forming a large m-shaped figure. 

Female.—Last ventral segment long with median third well produced in a narrow lobe. 

Length: 3.6 mm. 

Male holotype, allotype and paratypes, Indian Gap, Smoky Mt. National Park, Tenn., 
June, 1942, D. J. & J. N. Knull, fxom Aesculus^ and paratypes same locality, September 3, 1939, 
Mary Auten. Six paratypes in collection of The Ohio State University. 


EXPLANATION OF PLATE II 
(Line -1 mm.) 

Fig. 30, Erythroneura okioensis n. sp. 

Fig. 31, Erythroneura corylorubra n. sp. 

Alconeura socorroana n. sp. Fi^. 32, dorsal view; 33, tip of elytron. 

Typklocyba sciotoensis n. sp. Figs. 34, lateral view a^agus; 35, ventral view aedeagus. 
Fig. 86 . Erythroneura paraesculi n. m, 

Alconeura socorroana n. sp. Figs. 37, lateral view aedeagus; 38, pygofer hook. 
Typhlocyba foltosa n. sp. Figs. 39, ventral view aedeagqs; 40, lateral view aedeagus. 
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RrytliroiMura oorylonibn n. sp. 

This rare, minute, brightly ornamented species has been taken on Corylus, and belongs in 
the maculata group. 

Head roundly produced one-half its length beyond eyes, eyes black, markings of head, pro- 
notum and scutellum typical for this group, faint, yellow translucent and irregular (in one speci¬ 
men collected in April these are distinct and orange); on each elytron an oblique Vermillion vitta 
starts on clavus at apex of scutellum and covers a little more than median third, is continued 
across el)rtron from just above middle of claval vein to outer margin where it is broadened, a 
tiny black spot in lower posterior comer of vitta and a large one in base of inner apical cell, 
Crossveins and adjacent longitudinal veins both anteriorly and posteriorly broadly reddened 
giving appearance of vitta across apical area, apices yellowish semihyaline. Above white, semi- 
hyaline, shining. Below creamy white, apex of beak red, tarsal claws black. 

Male genitalia.—Style with large slender foot, posterior point longer than basal width of foot 
and Curved out at apex, serrate on inner apical two-thirds; anterior point projecting laterad, less 
than a right angle; heel prominent, rounded; base evenly curved, forming semicircle with basal 
half of posterior point. Aedeagus short and straight, in ventral view square-shafted with heavy 
curved lateral projections from apex, in lateral view with small dorsal tooth before apex and 
prominent lateral apical processes projecting dorsad; pygofer process heavy, almost straight, 
turned slightly ventrad, apex slightly exceeding pygofer, pointed, inner margin serrate 

Length; 2.5 mm. 

Desoribed from specimens from Hocking Co., Ohio, collected by D. J & J. N. Knull. Male 
holotype, April 17, 1938; paratype, June 1, 1938; June 28; allotype and ^laratypes, August 31, 
1944; September 14, 1944, and September 16, 1943. 

Erythronaura garonimoi n. sp. 

In maculata group near E. biramosa Beamer and E. btgemina Me A., but with different he£td 
and pronotal markings; aedeagus with spines, and style differently formed. 

White ground color with bright orange markings as follows; vertex with short transverse bar 
before apex, a pair of median basal prongs extending just above middle; eves pale; pronotum 
with short blunt median Y on disc, triangular vitta behind either eye; scutellum with basal 
angles yellow, narrowly outlined with red, apex orange. Elytra: clavi with narrow basal hook¬ 
shaped mark and apical fourth; cona with small rounded spot on costa before humeral angle, 
angulate vitta surrounding costal plaque, becoming enlarged to somewhat diffuse before red 
(To.ssveins; a large black spot at posterior end of plaque and a large one in base of cell M^. Apical 
cells fumose. Below orange markings above antennal sockets, remainder creamy white. 

Male genitalia,—Style with broad base, heel about a right angle, anterior point less than 
right angle, posterior point more than half as long as base of foot, narrow, sharp, meeting base at 
less than right angle curve, Pygofer hook long and slender, reaching beyond pygofer, curved 
gently in from base, then out on apical half. Aedeagus of medium length, straight in lateral and 
ventral view, a pair of lateral narrow spines arises at base behind aedeagus and extends latero- 
dorsad. These spines vary m length but are usually evident. Those of the holotype which are 
figured are more pronounced than in most specimens. 

Length: 3.25 mm. 

A large series taken from oak, Chiricahua Mts., Arizona, by D. J. & J. N. Knull. Male 
holotype, allotype and paratypes, September 14, 1938, and additional paratypes, July 26, 1937. 
Ten paratypes in collection of The Ohio State University. 

Named for Geronimo, chief of the Chiricahua band of Apaches. 

Erythroneun obioenBifl n. sp. 

In the obliqua group, resembling E. rufosiigmosa Beamer and E. juncea Beamer, but aedeagus 
with ventral basal spine and style with shorter, stouter posterior point. 

Robust, pronotum one-third longer than vertex, venation of obliqua type. Eyes black, 
ground color creamy white with red dorsal stripe darkened interiorly, apical cells and spots before 
reddened crossveins fumose. On vertex, stripe, which extends over to face, projects laterally 
toward anterior comer of eye, and almost touches eye at base; gradually broadens on pronotum, 
somewhat irregular on sides ^scutellum entirelj^* dark; all of clavus except small pale humeral 
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area, orange red, darkened in scutellar area and inner middle, narrow orange red stripe on corium 
along inner vem on posterior two-thirds, stripe along costal margin from base to translucent orange 
plaque, broader and more opaque below plaque to crossveins. Below face reddish, lateral pale 
area above eyes in which is included a red prong above each antennal socJcet; cheeks pale, also 
venter and legs in female, in male abdomen darkened slightly ventrally, dorsum of abdomen 
with anterior segments black, showing through elytra, 

Male genitalia.—Aedeagus from lateral view short, slender, gently curved dorsad, a short 
sharp baso-ventral prong; from ventral view straight, narrow, sharply pointed apex; style with 
medium foot, heel sharply jirojecting, base broad, anterior point projecting slightly laterad, about 
a right angle, posterior point broad at base, about half as long as base of foot, sharp. 

Female.—Last ventral segment five times as long as precedmg at middle, narrowed abruptly 
on apical third to produced median rounded lobe; black-tipped ovipositor slightly exceeding 
pygofer. 

Length: 3mm. 

Male holotype, allotype and paratypes, Delaware Co., Ohio, April 30, 1944, D. J. & J. N. 
Knull; other paratypes same locality on following dates: April 25, 1943; April 26, 1944; May 6 , 
1943; July 8 , 1942; September 19, 1943, and October 3, 1943. Six paratypes in collection of 
The Ohio State University. 

Erytiironaiira kannedyi n. sp. 

A member of the comes group in which it is near to E. vaga Johnson in male genital characters 
and between E. omaska Robinson and E. beameri Robinson in external appearance. 

General ground color white marked with red. Vertex with median pale longitudinal oval 
reaching almost to apex of head and lateral basal oval spots, half size of median, entirely red 
margined, eyes dark. Pronotum with median Y-shaped mark, base narrow and longer than 
arms, touching both margins, a long even mark behind each eye, almost reaching hind margin 
Scutellum, basal angles yellow, narrowly red-margined, apex red with a transverse white bar 
above it and space between basal angles white. Elytra with irregular zigzag vittae from humerus 
to crossveins with lateral narrow oblique extension below base and at anterior margitM)f plaque, a 
black dash parallel to them at lower edge of plaque; apex of clavus red, crossveins and adjacent 
longitudinal veins carmine; api('al cells distinctly infusrat^ a short distance below crossveins. 
M 4 paler on disc*; black spot at base of M 4 scarcely distinguishable from infusoation; and small 
distinct round spot at apex of R* Below, oval area either side on apex of head pale, red-margined, 
face pink, especially on margins, and clypeus red, remainder yellowish white, mesostemum and 
abdomen somewhat darkened; in male lateral portions of valve darker, and apices of plates black; 
in female apex of ovipositor black. 

Genitalia.—Pygofer hook U-shaped, outer process almost as long as inner and about twice 
as broad. Foot of style small, heel prominent, base curved, anterior point very large, consti¬ 
tuting about one-third width of foot, posterior point as long, but much narrower. Aedeagus 
long and slender, bifid at apex, arms forming transverse curved bar from ventral view and each 
arm one-fourth length of shaft, shaft straight, a pair of heavy dorsal spines arises behind shaft 
and extends parallel with it about two-thirds its length; separated from shaft at base by twice 
width of shaft. In some sj>eciTOens a pair of stout spines arises anterior to base of shaft, in others 
this appears only as a lump. 

^ Length: 3 mm. 

This interesting leafhopper is named for Professor C. H. Kennedy. 

Male bolotype, allotype and paratypes, Pickaway Co., Ohio, February 20 and March 31, 
1934, J. S. Caldwell; paratypes, Richland Co., Ohio, October 6 , M. Auten. Five paratypes in 
collection of The Ohio State University. 

Erythroneura vagabunda n. sp. 

In the comes group near £. asa Robinson in genital characters and near £. delicaia var. accepta 
*McA. eoctemally. 

background yellowish white, with orange to red markings. Vertex with median oval pale 
area and smaller circular area either side, narrowly red-margined. Pronotum, median Y with 
short base, longer arms not reaching anterior margin, dark color beneath showing through on 
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disc, broad irregular mark behind each eye. Scutellar basal angles yellow, narrowly red-margined, 
tip red. Elytra semihyaline, markings narrow, irregular, broken. Clavus with usual anchor¬ 
shaped basal mark, a black spot at suture, and small spot filling apex; corium with oblique dash 
on costal margin near base, another arising at anterior end of costal plaque enlarging toward 
middle of claval suture and angling to base of cell M 4 . An oblique black dash at posterior end 
of plaque, obscxire black spot in base of cell M 4 , a definite one in apex of Ri, and apical cells infus- 
cated sope distance below red crossveins. Longitudinal veins white b^ow crossveins, reddened 
a short distance above crossveins. Below sordid yellowish white, dorsum of abdomen and 
mesonotum black. Edges of front, clypeus and area around bases of antennae reddened. 

Male genitalia.—Aedeagus from ventral view three-pronged, the median or shaft prong rough 
apically; pair of stout ventral processes straight, as long as shaft and parallel to it; pygofer hook 
U-shaped, outer arm a little thicker than and almost as long as inner. Foot sniall, heel promi¬ 
nent, base straight, anterior point short, about size of heel; posterior point heavy and twice as 
long as anterior point, shorter than base and meeting it at less than right angle. 

Distinguished particularly by black dorsum of abdomen showing through elytra, black meso¬ 
notum and black spot at middle of clavus at elytral suture. 

Length: 3 mm. 

Male holotype, Lawrence Co., Ohio, April 29, J. S. Caldwell; allotype, Scioto Co., Ohio. 
June 17, 1944, D. J. & J. N. Knull; and paratypes from Hocking Co., June 1, 1938, D. J. & J. N. 
KnuU; Jackson, Ohio, April 1, 1934, J. S. Caldwell; Chesapeake, Ohio, April 29, 1934, J. S. 
Caldwell; and Decatur, Ga., May 5, 1934, M. Auten. Two paratypes in collection of The Ohio 
State University. 


Erythroneurm noncincta Johnson 
E. iricincia var. noncincta Johnson, Ohio Jour* Sci. 34: 261, 1934. 

£. calycuia var. noncincta Beamer, Univ. Kans. Sci. Bull. 24: 271, 1936. 

Dr. Beamer stated in the above reference: ^‘This is a variety of doubtful validity. . 

As a fairly large series has been collected since its description, and also since the inner male 
genitalia sh 6 w distinct characters, this variety is raised to specific rank and perhaps the shadow 
of doubt concerning its validity may be erased. 

Male genitalia.—Pygofer hook U-shaped^ with outer arm very short, scarcely one-fiftH length 
of arm and of equal thickness; foot of style medium, heel small, base evenly curved; anterior 
point broad, longer than width of foot at narrowest place; posterior point short and sharp; 
aedeagus on dorsoventral view broad; shovel-shaped, with short lateral spine projecting either 
side, one-half distance from base, ventral processes curved toward shaft, slightly exceeding it, 
enlarged on outer half to twice basal width and tapering to sharp apices. 

A male from Hocking Co., Ohio, April 15, 1934, J. S. Caldwell* is made an allotype and placed 
in the collection of The Ohio State University. 

Zeetooephaliia idcetia O^bom 

Ohio Biolog^al Survey Bulletin 14, p. 244, 1932. 

The male is robust, uniformly dark brown above with exception of paler head, hyaline dots 
at inner middle and apex of clavus, and center of inner apical cell, square brown spot at costal 
margin just above crossvein surrounded by semicircular hyaline area. Below face, thorax and 
legs but for darker hind tibiae, straw-colored, abdominal segments dark with pale margins, and 
hairs of plates pale. 

Resembles X. brunneus V. D. but is darker in color, larger and more robust. Taken in 
association with females exactly like type. 

Length: 3.1 mm. 

Male allotype, Hocking Co., Ohio, August 31, 1944, D. J. & J. N. Knull, and two tnales, 
September 14, 1944, in collection of The Ohio State University. 

Dr. E. D. Ball, Jour. Wash. Acad. Sciences 22: 19r 1982, made Tmningia irrorata (Qsboro) 
a synonym of T. pdlucida (Ball). Examination of the type shows T. irrorata (Osb.) to be distinct 
and readily separable from T. ptUucida (Ball) in a aumbtf of characters. 

Unless stated otherwise type material is in collection of author. 



A DESCRIPTION OF CALINELLA OPHIODONTIS N, SP, 
(TREMATODA, MONOGENEA) FROM THE LING COD, 
OPHIODON ELONGATUS GIRARD 

MAIRE WEIR KAY.i 
The Ohio State University, 

Columbus 10, Ohio 

During the stunmer of 1942 a large specimen of Ophiodon elongatus was taken 
at Friday Harbor, Washington, of which the oral cavity was found to contain 
great numbers of a copepod, apparently a species of Lepeophlheirus. Adherent 
to these, in turn, were numerous adults, young, and eggs of a small, monogenetic 
trematode. Examination of the worms demonstrated that they markedly resembled 
members of the genus Calinella Monticelli, 1910. In a number of characters, 
however, they differed from previously described species of this genus. Accord¬ 
ingly, the worm is here considered as a species hitherto uhrecognized for which 
the name Calinella ophiodontia is proposed. 

SPECIFIC DIAGNOSIS 
CalinelU ophiodontia n. sp. 

Udonellid with the characters of the genus Calinella. Of relatively large size; adults averaging 
1.6 mm. in length, 0.26 mm. in breadth, with a posterior sucker 0.2 mm. in diameter. The male 
reproductive system contains a large seminal vesicle which takes the form of a double, tandem 
pouch. Tlie ovary is about two-thirds as large as the testis, and a seminal receptacle is present 
connecting with the oviduct. The egg is 0.16 x 0.07 mm, and is equipped with a polar filament 
several times its length which ends in an attachment disk about 0.08 mm. in diameter (Pig. 3). 

Locality: Friday H^bor, Washington. 

Host; Ophidon elongiUus Girard. 1 

Location in host; On copepods in the oral cavity. 

Type specimen: U. S. N. M. Helminthological Collection No. 36903. 

DESCRIPTION 

Calinella ophiodonlis (Pig. 1} is a small cylindrical worm with a ringed cuticle covering its 
surface. At the posterior end of the body is a large, flattened sucker into which open many 
unicellular glands massed in the posterior part of the body. On the ventral surface, near the 
posterior end of the pharynx and commonly slightly to the right of the midline is the genital pore. 
On the ventral aspect of the anterior tip lies the buccal opening (Pig. 2) surrounded by a number 
of papillae or processes and equipped with a pair of small suckers. It opens into a thin-walled, 
prolapsed, buccal cavity, about which a number of apparently glandular cells can be detected. 
The buccal cavity is followed by a large, muscular pharynx which is fully protrusable. No 
espphagus is present, the pharynx leading immediately to a saccular intestine which extends to 
the posterior sixth of the b^y, and is more or less reflected dorsally about the genitalia. A small, 
dorsal excretory vesicle has occasionally been observed to open through the dorsal body wall at 
about the level of the posterior part of the uterus; other portions of the excretory system have 
not been identified. 

The testis (Fig. 1) is an oval structure lying just posterior to the midlevel of the body and 
averaging 0,24 mm, in length by 0.10 mm. in breadth. From its left, anterior, ventral margin a 
vas deferens arises. This crosses the ovary obliquely and proceeds toward the genital pore to 
‘the right of the midline of the body. Near the posterior end of the uterus it swells into a vesicle, 

^Muellhaupt Scholar, The Ohio State University, Department of Zoology and Entomology. 

Ill 
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narrows, then enlarges into a second vesicle, and finally resumes its original diameter before 
joining the terminal end of the uterus, just posterior to the genital pore. As sperm are con¬ 
centrated in the two enlargements it seems probable that these, together, make up the seminal 
vesicle. The short length of vas deferens (ejaculatory duct) external to these vesicles is ensheathed 
by a cluster of cells which may function as a prostate gland. 

The ovary (Fig. 1), lying immediately m front of the testis, is slightly smaller than the latter, 
averaging 0.16 mm. in length and 0.20 mm. in breadth. From the left, ventral, anterior surface 
an oviduct arises and almost at once becomes swollen into a pouch, commonly containing a single 
mature ovum. The duct narrows and crosses the left, ventral surface of the ovary to the posterior 
margin where it is joined by a small duct from the seminal receptacle which lies between the 
ovary and testis. It abruptly bends forward and continues along the left margin of the ovary, 
receiving a duct from the yolk reservoir which lies ventral to the left-hand side of the ovary. 
This reservoir is formed by fusion of a right and left posterior, and a left anterior, yolk duct 
collecting material from the vitellaria surrounding the intestine. Anterior to the ovary the 
ovidiict takes a somewhat oblique course to the midline of the body and becomes a thick-walled 
vesicle closely enveloped by numerous Mehlis* glands. It is questionable whether this vesicle 
ran properly be cxsnsidered as a cotype since it is always smaller in diameter than the completed 
egg. Beyond this structure the oviduct continues as a thin-walled uterus divisible into three 
sections: a pouch containing the attachment organ, a coiled, narrow portion containing the polar 
filament, and a distal sac containing the body of the egg. These divisions are detectable even 
when no egg is present. The saccular portion of the uterus is directed toward the right-hand side 
of the body. It narrows sharply and joins the vas deferens just before terminating at the genital 
IX)re. 

It has been impossible to determine anything about the structure of the nervous system. 

DISCUSSION 

Guberlet (1936) in discussing Calinella myliobaii raises the question of whether 
this worm should be included in the genus Calinella citing chiefly the paucity of 
North Arnerican records of Udonellidae and the somewhat distinctive arrangement 
of the vitellaria in this species. Since the parasitic fauna of North America still 
remains so incompletely surveyed the absence of records of this group can scarcely 
be adequately weighed at present. It is, also, doubtful whether any weight 
should be given to the arrangement of vitellaria in arriving at a generic distinction 
since, as Manter has shown (1926), this character may be variable within a single 
species. There could be little reason, then, for subdivision of the genus Calindla 
on the basis of our present knowledge. Indeed, quite the opposite view is taken 
by Price (1938) who regards Calinella as a synonym for Vdonella. 

In size, in form of the vas deferens and related structures, and in size and form 
of the egg there is certainly enough difference between Calinella myliobaii and 


EXPLANATION OF PLATE 

All stated magnifications are those at which the fibres were drawn; reduction in repro- 
duction is indicated by a 6 centimeter figure accompanying the plate. 

Fig. 1. Ventral view of entire worm with the yolk reservoir figured as semi-transparent to 
show the underlying structures. X 160. 

Fig, 2. Anterior end showing buccal organization. X 260. 

Fig. ^3. Egg, removed from surface of copepod to show expanded attachment organ. X 200. 
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Calinella craniola to warrant recc^ition of two species. The same is equally 
true of Calinella ophiodoniis: it possesses fully the generic characters of Calinella, 
but it differs consistently and significantly from both Calinella craHiola and 
Calinella myliohati. It may be distinguished from both species by the relatively 
large ovary and by the extremely long filament and the complex attachment 
organ of the egg. The form of the terminal part of the vas deferens is quite unlike 
that of C. craniola and differs somewhat from that of C. myliobati. The possession 
of glands opening into the posterior sucker has not been reported in this genus, 
though known in related forms. A seminal receptacle is not reported from C, 
craniola, incompletely described in C. myliobati, and definitely present in C. 
ophiodontis. Finally, the size of C. ophiodoniis is considerably greater than that 
of C. craniola and slightly above that of C. myliobati. Taking these points into 
consideration it is scarcely possible to identify Calinella ophiodoniis with either 
Calinella craniola or Calinella myliobati, 

SUMMARY 

Calinella ophiodontis n. sp. is described from Ophiodon elongatus. It is shown 
to differ from previously described species in size, in the possession of pedal glands, 
and in certain characters of the reproductive system and of the egg. 
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A REVIEW OF THE PROBLEMS OF SULFONAMIDE 
CHEMOTHERAPY 

GEORGE H. RUGGV, M. D.. 
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Columbus 10, Ohio 

Every since the development of systematic bacteriology and the rapid growth 
of the germ theory of disease, man has been engaged in an untiring search for 
agents which would specifically destroy the offending organisms. Up to the time 
of Ehrlich, that search had been more or less fruitless. Ehrlich approached the 
problem from a fresh point of view, and it is to him that we owe our modem concept 
of the chemotherapy of disease. His theory was expressed as “therapia sterilisans 
magna.*' He chose to direct this “sterilizing therapy*’ at the dread scourge of 
syphilis, and in 1907 he announced the discovery of salvarsan. Ehrlich’s was 
the first planned attack upon a specific organism by means of a specific drug, 
Up to that time, quinine was the only specific therapeutic agent known to medicine, 
and it had been used empirically. This date, 1907, then marks the beginning of 
the modem clinical attack upon disease-producing microorganisms. 

In the next year, an obscure Australian chemist, Gelmo, synthesized p-amino- 
bcnzenesulfonamide. Chemotherapy was the farthest thing from his mind. 
He was searching for dye intermediates, and the astounding potentialities of his 
new compound remained unknown for more than twenty-five years. It was not 
until 1932 that two German workers, Meitzsch and Klarer, experimenting with the 
possibilities of various dyes as antiseptics, noted ^h(it Gelmo’s compound was very 
effective in preventing death in mice infected with the j9-hemolytic streptococcus. 
Little further work was done along the lines suggest^ by this discovery until 
1935 when another German worker confirmed and extended the earlier observations 
and a new era in chemotherapy was opened. The compound with which he 
worked was not Gelmo’s original p-aminobenzenesulfonamide but a derivative 
known as prontosil. It was shortly learned that the extra chemical group in 
prontosil was not necessary for its activity against the streptococcus and he named 
the parent group (Gelmo’s original compound) sulfanilamide. The German 
scientist who thus opened the door to modem chemotherapy was named Domagk. 
In the same year three English workers, Buttles, Grey and Stephenson, confirmed 
these observations and made them known to the world. Domagk was awarded 
the Nobel, Prize and it is a significant comment on trends then prominent in 
Germany that Hitler refused to permit Domagk to receive the award. 

"^When we examine the structure of sulfanilamide, we see at once that a host 
of substitution products are possible from a strictly chemical point of view. It 
has been estimated thaji some 7,000 different compounds related to this nucleus 
have been prepared and tested biologically. Out of this huge amount of work 
has come a number of observations of fundamental importance with reference to 
the activity of the substitution products of sulfanilamide. Then it was learned 
that neither substitutions on the ring other than the p-amino group nor modifica¬ 
tions of the sulfoxide radical would yield coihpounds which were effective against 
the bacteria. There remained then only the possibility of substituting the amide 
nitrogen. A large number of amido-substitution products have been prepared 
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but only a few of these have come into the practice of medicine. The first one 
of any importance was sulfapyridine, introduced in England in 1939. It was 
sylfap^dine which really established the value of this group of drugs in medicine, 
for suuapyridine was effective against the pneumococcus, the most dramatic and 
one of the worst scourges of mankind. In 1940 American chemists gave us sulfa- 
thiazole, and in 1941 sulfadiazine appeared. Since 1941 there have been but few 
additions to the sulfonamide group of drugs. The substituted nucleus of sulfa¬ 
diazine has been slightly modified and two of its relatives, sulfamethazine and 
sulfamerazine, are receiving the tests of their clinical value today. 

It was further noted that substitution on the amino nitrogen made the com¬ 
pounds difficult to absorb from‘the gastrointestinal tract. Such compounds were 
found, however, to be effective against many types of bacteria which are either 
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normal inhabitants of the gastrointestinal tract or produce diseases peculiar to 
that system. Two of these compounds have been of some use in medicine. They 
are siUfasuxidine and sulfanylguanidine. A third compound of this latter type 
known as marfanil has been employed by the Germans in the prevention and 
treatment of wound infections. Captured samples of this drug have been studied 
and its structure is known. Preliminary reports indicate that marfanil is more 
effective for the use noted than any of the previously known sulfonamides. 

The structural relationships of all of these drugs are indicated in Figure 1. 

PHARBAACOLOGY 

A. Absorption and Fate of the Sulfonamides. 

All of the sulfonamides in which there is no modification of the amino nitrogen 
are relatively rapidly absorbed from the intestine. Maximum blood levels are 
attained in from 3 to 6 hours, following a single dose of any of the group. For this 
reason it is seldom necessary to administer the drugs by any other route than the 
oral. In certain specific cases, as, for example, when the patient is vomiting or in 
the presence of an overwhelming infection demanding heroic treatment, it is 
sometimes desirable to administer the drugs parenter^ly. With the exception 
of sulfanilimide, all of the free compounds are too insoluble for parenteral admin¬ 
istration but for this purpose there are available soluble sodium salts of sulfa- 
pyridine, sulfathiazole and sulfadiazine. 

All of the sulfonamides after absorption are rapidly distributed to all organs 
and tissues and to all of the extra-vas^ar fluid compartments. Concentrations 
attained are. in general, approximately 20 per cent lower than the concentration 
in the blood. One important exception to this general statement should be noted 
in the case of sulfathiazole. For some unknown reason, the concentration of 
sulfathiazole in the cerebrospinal fluid of the normal individual remains at a 
level represented by 10 per cent or less of the level in the blood. Recognition of 
this fact is important in the selection of a drug in the treatment of meningitis 

After the sulfonamides have been distributed throughout the body as noted 
above, very little happens to alter their chemical nature. All of them are acetylated 
by the liver to the extent of about 15 per cent of the total concentration in the 
blood. Recently it has been noted that certain members of the group tend to 
combine to a greater or lesser degree with the plasma. This action is spoken of as 
plasma-binding capacity. With sulfathiazole this occurs to the extent of about 
25 per cent of the total plasma concentration; with sulfadiazine, to the extent of 
about 50 per cent; and with sulfamethazine, about 75 per cent. The variations in 
the plasma-binding capacity may be of significance with reference to the effective 
blood level in any given infection but the exact significance is not fully understood 
at the present time. Certain conditions existing in areas where infection is present 
or is likely to occur operate to lessen the effectiveness of the drugs. Among these 
must be mentioned collections of serum and the presence of pus. How these 
extraneous factors affect the metabolism of the sulfonamides is not known. 

The chief route of excretion for all of the sulfonamides is via the urinary tract. 
Certain complications of great significance in the therapeutic use of the 
sulfonamides may occur as a result of this pathway of excretion. More detailed 
reference to this phenomenon will be made below. 

B. Mechanism OF Action. 

The mechanism by which the sulfonamide drugs act to combat infectious 
processes presented a very difficult but interesting problem in bacteriology. Certain 
ftindamental observations with reference to the classical^ theories of antibacterial 
action were soon made. They were as follows: 
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1. The 4nigs act by slowing the growth of the bacteria rather than by killing 
them outright; their action is bacteriostatic rather than bacteriocidal. 

2. The drugs cause no potentiation nor inhibition of immunologic responses 
nor of the phagocytic mechanisms of the host. 

3. The sulfonamides have no effect which could be interpreted as concerned 
with the neutralization of bacterial toxins. 

In the light of these negative findings, it was necessary to postulate and 
study other possible mechanisms. The results of such studies may be briefly 
summarized as follows: The sulfonamides compete in the metabolism of the 
bacterium with some substance jvhich is essential to the normal growth and multi¬ 
plication of the organism. This hypothetic substance was definitely found to 
be p-aminobenzoic acid, known to the elect as PAB. Upon comparing the sul¬ 
fonamides and PAB, it might be said somewhat facetiously, that the poor bacteria, 
never having had a college course in organic chemistry, are unable to distinguish 
between p-aminobenzoic acid and p-aminobenzene sulfonamide, and in attempting 
to utilize the former starve to death in the process. It is probably unwise to treat 
such an important discovery so lightly for, if it is possible to confuse the bacteria 
in this respect, then it is equally possible that a little research may disclose other 
substances which are essential to the well-being of the organisms. Synthetir 
compounds resembling these essential metabolites may then be developed and 
offered as ineffective substitutes for the essential metabolites to the detriment 
of the bacteria. The possibilities inherent in such an idea are so far-reaching 
that they stagger the imagination. Suffice it to say that already a great deal of 
research has been done along the lines suggested here. It is indeed fortunate that 
such a fundamental discovery has been made for it has been suggested only recently 
that the sulfonamides have probably been developed to their maximum extent. 
On the basis of certain careful physico-chemical observations, it has been predicted 
that sulfadiazine exhibits the maximum antibacterial action which can be 
developed by any derivative of the parent sulfonamide nucleus. 

CLINICAL APPLICATION 

A. Organisms Affected: 

Following the initial wave of enthusiasm which greeted the introduction of 
the sulfonamides into the practice of medicine, it became quickly apparent that 
these new compounds were not panaceas. It was shortly learned that the 
sulfonamides were effective against a definitely limited number of organisms 
and that all of them were not equally effective against even these. Among the 
diseases which are most adequately controlled by the sulfonamides are those 
which are caused by the /3-hemolytic streptococcus^ the pneumococcus and the 
gonococcus* Among those diseases which may be •fairly satisfactorily treated by 
the sulfonamides are those catised by the meningococcus, the staphylococcus, and the 
a-hemolytic streptococcus (viridans). It is thus apparent that the field of usefulness 
is limited almost entirely to the coccal infections, Infections in which the etio- 
logic agent is a bacillus and which respond to the administration of the sulfonamides 
are uncommon. Chief among them are infections produced by Escherichia colt, 
and by the dysentery bacilli. The gas gangrene group of bacilli are only moder¬ 
ately susceptible. It must be emptutsized that the svdfonamide drugs are totally 
ineffective against the causative agent of rheumatic fever and against the organisms 
causing typhoid fever, typhus, diphtheria, tuberculosis and s5rphilis. In addition 
to these, furthermore, none of the known virus infections resends to sulfonamide 
therapy. These include influenza, virus** pneumonia, measles, smallpox and 
many others. Table I compares their relative effectiveness s^ainst the common 
organisms. 
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B. Special Cases: 

1. Streptococcal Infections. 

a, ^-Hemolytic'Streptococcus. —This organism is responsible for so-called strep 
throat; for one of the dreaded forms of blood poisoning; and very probably for 
scarlet fever. Once it has taken hold in a susceptible individual it goes like wild¬ 
fire and the patient when first seen is usually acutely and dangerously ill. Com¬ 
plication follows complication and, if the patient is able to withstand the onslaught 
and survive, he must usually face a long period of debility. 

b. a-Hemolytic Streptococcus.—This organism commonly known as Strepto¬ 
coccus viridans, or the ‘'green-producing'* streptococcus, is a common cause of 
upper respiratory infections of the type usually associated with the common cold 
and its sequellae. We have already noted that the sulfonamides are of limited 
value in the management of infections caused by this organism, and the use of 
these drugs in the common cold is generally of little value 

TABLE I 

The Comparative Susceptibility of the Common Organisms to the Various Sulfonamides 


Organism 

Sulfanila¬ 

mide 

Sulfapyra- 

dine 

Sulfathia- 

sole 

Sulfadia¬ 

zine 

fi'kemolyUc Streptococcus 


+ + 4- 1 

+ + + 

+ + + + 

a-hemolytic Streptococcus . . 


-h"!" 

+ + 

+ -f 

Diplococcus pneumoniae (pneumococcus) 

A 

4-4-+ + 

+ + + + 

+ + + + 

Neisseria iniracellularts (meningococcus) . 


+ + 

+ + 

+ + 

Neisseria gonorrkoeae (gonococcus). 


4* + 

+ + + 

+ + + 

Staphylococcus . 

* 

+ + 

4* + 

+ + + 

Escherichia coli (urinary tract) 

4-+ + 

+ + 

+ + + 

+ + + 


One of the most terrible diseases known to medicine (fortunately, a relatively 
uncommon disease) is subacute bacterial endocardilis. This is a slowly progressive 
disease which nearly always attacks only those whose hearts have b^n damaged 
by rheumatic fever. It has been, up to the present era, a uniformly fatal infection. 
As one famous pathologist puts it, ‘'The heart is beating muffled marches to the 
grave.” Great hopes were held for its treatment when the sulfonamides became 
available, but disappointment and despair have followed their use. In one out¬ 
standing paper discussing the treatment of 67 cases of thi» disease, in which all of 
the sulfonamides and all adjuvant forms of therapy were used, the concluding 
sentence reads, "All sixty-seven patients are dead." 

2. Pneumococcal Infections. 

Prior to the advent of sulfapyridine, somewhere between 30 and 50 per cent 
of patients suffering from pneumonia died. Sulfap 3 rridine alone reduced this 
appalling mortality to about 12 per cent and it was at once hailed as the "miracle 
d^." If no other benefits had resulted from the use of the sulfonamides, this 
victory alone would have been sufficient reward for the tremendous effort which 
h£^ been expwded in the development of these drugs. Sulfapyridine is no longer 
used in medicine, beca^ both sulfathiazole and sulfadiazine are equally effective, 
and both of the latter are much less toxic to the patient than is sulfapyridine. 
In addition to the tremendous reduction in mortality it is apparent at once from 
this clinical picture that the morbidity has also been strikingly decreased. In a 
word, the fortunate patient who recovered from pneumonia in the pre-sulfonamide 
era was destined to spend long Weeks of convalescence before he was able to return 
to anything resembling normal existence. Today he may be as "good as new'’ 
in as short a time as three weeks after the onset of the illness. 
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3. Gonococcal Infections* 

Gonorrhea has always been held somewhat lightly in the minds of men. This 
attitude has prevailed in spite of the fact that gonorrhea rendered thousands 
upon thousands of women incapable of child-bearing. The misery, both physical 
and mental—and spiritual—^produced by the gonococcus must forever remain 
incalculable. The sulfcmamides have |fone far in reducing this scourge, but the 
very nature of the disease and the circumstances surrounding its transmission 
work continuously against any method of treatment. We shall have occasion imder 
another heading to ^er again to the gonococcus. 

Prior to the availabSity pf the sulfonamides, an uncomplicated case of 
gonorrhea which was given the best therapy available could be cured in a matter 
of weeks. When the sulfonamides are u^ in a similar case today, the cure is 
literally a matter of hours. Here again we see strikingly illustrated the tremendous 
importance pf these drugs. 

C. Prophylactic Use. 

It was natural that drugs which were so effective in the cure of certain diseases 
should be tried for the purpose of preventing these diseases from developing. 
For a long period of time after the introduction of the sulfonamides, their 
prophylactic use belonged in the category of ‘‘armchair'’ therapeutics. No one 
had any real information as to their efficiency in the prevention of disease and 
such use aroused a small storm of protest from those who were already beginning 
to realize the complications which might arise from the development of fastness 
in the organism and sensitivity in the patients. These men argued that before 
prophylactic use was justifiable, it must first be demonstrated that a sufficiently 
high degree of morbidity could be prevented td justify the danger of the production 
of sensitivity in those receiving the drugs, and to justify the development of 
“carriers" of sulfonamide-fast organisms. The multitude of variables presented 
in the consideration of these two problems has thus far defied analysis. The 
war with its consequent crowding together of large groups of men under conditions 
which have long been realized to be ideal for the development and spread of 
epidemics, made the prophylactic use of the sulfonamides under certain circum¬ 
stances mandatoiy. For example, an epidemic of scarlet fever began on Navy 
Pier in New York City. At once a large section of the personnel was given sulfa¬ 
diazine in small daily doses. The case incidence of scarlet fever in the treated 
group promptly fell to zero. Another trial of prophylactic value was made in a 
Southern army camp. , Sulfathiazole was administered to each man who “signed 
out" in the evening, and a similar dose was given when he returned to camp. 
In this camp, prior to the introduction of routine sulfathiazole administration, 
the incidence of gonorrhea was 171 cases per 1,000 men per 3 rear. Following 
the prophylactic use of sulfathiazole, the case incidence draped to 8 per 1,000 
men per year. Many more such instances could be cited. However, they all 
point toward the same conclusion. It is possible by the controlled prophylactic 
administration of a sulfonamide to reduce materially the incidence of infection 
by any bacterial agent which is ordinarily susceptible to the sulfanomides. Thus 
the fact of prophylaxis is established. It must be emphasized, however, that the 
two dangers inherent in s^fonamide prophylaxis have not been adequately 
evaluated. 

D. Toxicity 

1. General Incidence of Toxic Reactions. 

In the early years of sulfonamide chemotherapy, it was difficult to evaluate 
the incidence erf total toxic reactions to the administration of these dn^. How¬ 
ever, with the passing years it has become possible to give what is believed to be 
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a reasonably correct estimation of reaction incidence. The over-all reactions may 
be summariMd roughly as follows (excluding the “mild” group in Table II); 

Sulfathiazole .... .... .18 per cent 

Sulfapyridine.... .16 per cent 

Sulfanilamide. .... .12 per cent 

Sulfadiazine . .... 10 per cent 

In certain clinics it has been possible by meticulous attention to all details 
of therapy to reduce the over-all incidence of toxic reactions to figures appreciably 
below those cited. Table II gives a detailed analysis of the reactions which have 
been reported, together with an estimate of their distribution among the various 
sulfonamides. In general, those labeled “mild” do not contraindicate the further 
administration of the drugs; the label “moderately severe" should give reason 


TABLE 11 

The Pekcentage Distribution of the More Common Reactions to the Sulfonamides 



Sulfanila¬ 

mide 

Sulfapyra- 

dme 

Sulfathia- 

zote 

Sulfadia¬ 

zine 


% 

% 

% 

% 

Mild 





Nausea and vomiting. . 

25 40 

40-00 

G 

0 7 

Dizziness 

50-60 

6(MK) 

5 

rare 

Mild hemolytic anemia 

3 

rare 

rare 

rare 

Cyanosis. 

90-100 

50 

rare 

none 

Moderately Severe 





Acidosis . 

2 

rare 

rare 

rare 

Fever 

10 

4 

6 

3 

Rash . ... .... 

2 

2 

6 

2 1 

Hematuria (microscopic). 

? 

- 

4 

5 

Severe 





Leukopenia. 

0 3 

0 6 

1 6 

1 2 

Agranulocytosis 

0 1 

0 3 

rare 

rare 

Anuria or oliguria.. 

none 

0 3 

0 7 

1 5 

Jaundice. 

1 8 

0 6 

rare 

rare 


for stopping the drug unless to do so would endanger the patient’s life: the appear¬ 
ance of these reactions called “severe” makes the cessation of administration 
mandatory. 

Sulfadiazine is the most important of the sulfonamides today and has for most 
infections supplanted all the rest. 

It is unwise to try to draw many conclusions with reference to the significance 
of these toxic phenomena from the bare figures given here. The severity of a 
reaction varies directly with the seriousness of the disease process which instituted 
the administration of the drug in the first place. These tables and figures are 
included merely to permit a general concept of the extent and type of toxic feffects 
which may be anticipat^. 

It ^ould be pointed out that the actual numbers of individuals receiving the 
drugs are so great that some of the figures given in the tables fade into insignificance. 
Only those reactions in which there may be a large element of sensitivity involved, 
and those reactiohs referable to the kidney will be considered in any detail. The 
significance of the “sensitivity” group is disbussed in the section dealing with the 
limitations of the sulfonamides. 

Those reactions referable to the kidney are of sufficient importance to merit 
further comment. These reactions are of two t}^pes. The first type is entirely 
mechanical in character. As the sulfonamides are excreted, both in their free 
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and acetylated forms, they are concentrated in the kidney. As that concentration 
rises they tend to be precipitated, and crystalline compounds thus formed act to 
produce mechanical damage to the kidney tubules. This damage may range 
from slight irritation of the tubules with the appearance of a little blood in the 
urine, to the complete blocking of the tubules lollowed by the loss of the ability 
of the kidney to function. In addition to these mechanical effects, the sulfonamides 
(especially stdfadiazine) produce a chemical action on the walls of the kidney 
tubules. This cellular d^age may also result in serious derangement of kidney 
function. 

The greatest attention has been paid to these reactions and, if the proper 
precautions are taken, the incidence of serious kidney damage can be reduced 
almost to zero. The precautions are simple indeed and involve, first of all, careful 
observation of the patient's urinary ou^ut, which should be at least 1000 cc. 
daily. In the second place, some effort should be made to keep the urine alkaline 
by the administration of an alkaline salt, such as sodium bicarbonate. An alkaline 
uripe helps to insure maximum solubility of the drug and reduces the danger of 
damage by crystal formation. 

It ^ould be mentioned that the “dizziness” noted in the tables may make it 
unsafe for the patient to carry our skilled tasks, such as driving a car or piloting 
an airplane. For this reason, in the Air Forces, any pilot receiving a sulfonamide 
is “grounded” until his treatment is finished. 

E. 'The Limitations of Sui.fonamide Therapy. 

1. Organisms Not Affected. 

In a previous section, the sulfonamide susceptibility of the various organisms 
which commonly cause disease was discussed. Little more need be said here, 
except to point out that the use of the sulfonamides in diseases caused by unsus¬ 
ceptible organisms is to be unhesitatingly condemned. 

2. Sulfonamide “Fastness.” 

In the early d&ys of the sulfonamide therapy of gonorrhea, it was not uncom¬ 
mon to see reports indicating an incidence of cure as high as 90 per cent. As 
time has passed, this figure has further decreased until t<^ay one is likely to be 
depressed by the fact that rates of cure are being r«x>rted as low as 30 per cent. 
These carefully controlled case-studies are supported by the passing observations 
of many physicians who have not studied the problem in detail. For example, 
one prominent urologist in a Midwestern city told me in 1941 that he had long 
since cured all of the gonorrhea which was curable by sulfonamide and by sulfa- 
p)nidine, and that he was then working on sulfathiazole. He remarked that he 
hoped a new sulfonamide would soon make its appearance else he would have to 
resort to the old pre-sulfonamide methods. 'These observations with reference 
to the gonococcus raised the question of the develcpment of resistance by the 
organisms to the action of these drugs. This problem of resistance has been 
studied in great detail using all of the organisms which are known to be originally 
susceptible to sulfonamides. As a result of such studies, it is now known that 
most of the susceptible organisms under the proper conditions may become com¬ 
pletely resistant to the action of the drugs. Such resistant organisms then are 
said to be sulfonamide-fast. 

The conditions for the development of fastness have not been completely 
established. It seems, however, that prolonged exposure to concentrations of 
sulfonamide somewhat lower than those used thempeutically, is extremely effective 
in producing strains of resistant organisms. It is clear this phenomoion of fastness 
may be especially sipificant, if one takes the long term vkfw. It is at once appasent 
that we must consider the definite possibility of the ascendency of a wl^ new 
order of sulfonamide-resistant bacteria. 
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It has been shown that about 40 per cent of persons who recover from pneu¬ 
monia serve as carriers of the infecting organisms for a long period of time. Many 
of these organisms have undoubtedly become resistant to sulfonamides during 
the treatment of the active disease and it has been shown that even now the 
incidence of sulfonamide-resistant pneumococcal pneumonia is increasing. 

The illtistrations afforded by the gonococcus and the pneumococcus serve as 
a grave warning with reference to the future of sulfonamide therapy. The 
possibility of the development of resistant organisms constitutes one of the chief 
contraindications to the indiscriminate use of the sulfonamide drugs. 

3. The Problem of Sensitivity. 

A number of the toxic reactions discussed above have been found to be the 
result of the development Ivithin the individual of special sensitivity to the sulfona¬ 
mides. This sensitivity is related in some fashion to the general problem of allergy. 
The exact mechanism of the development of sensitivity is not well understood. 
It is, however, assumed that the sulfonamides react in some fashion with certain 
protein elements in the blood-stream, and antibodies for this new compound are 
then developed. The result of these complex changes is a repetition of the toxic 
response following immediately upon the administration of the next dose of the 
sulfonamide which caused the original reaction. Here again, as in the case of 
fastness, all the factors producing such sensitivity have not been fully determined. 
It is the consensus of opinion, however, that both the size of the dose and the 
duration of the administration are involved. Some of the reactions presumed 
to be sensitivity phenomena, are fever, skin rashes, agranulocytosis, and 
hemolytic jaundice. Some of the other reactions may also belong in this category 
but there is sufficient question as to their being so classified that we shall omit 
them from this discussion. 

In the case of fever it has been noted that it is most likely to occur between 
the 5th and 7th days of administration. When a patient who has developed a 
fever receives a second course of sulfonamide drugs within the next year, he is 
very likely to develop a drug fever within the firsh 24 hours. Now the relation 
of duration of administration to the development of the sensitivity reaction may 
be pointed out. If a first course of sulfonamide therapy does not extend into 
the period when the fever would ordinarily be manifest, then no sensitivity would 
be develoj^d so far as fever is concerned. This conclusion is not entirely valid 
for exceptions to it have frequently been noted. The second major factor (the 
size of the dose) is difficult to evaluate. The use of the sulfonamides in the prophy¬ 
laxis of infectious diseases necessitates the administration of smaller doses over 
a long period of time. In such circumstances the incidence of reactions of all 
kinds is very low, generally in the neighborhood of 1 to 2 per cent. However, 
following the cessation of prophylactic course, it has been stiggested that the 
incidence of these reactions believed to be sensitivity phenomena is much higher 
whenever it becomes necessary to give those patients full therapeutic doses of the 
drugs. This observation suggests that it is possible to develop sensitivity by 
conlinuous small doses without any overt toxic manifestations during such a 
prophylactic course. In summarizing, it may be said that there is little doubt 
that soijie of the toxic reactions to the sulfonamides are sensitivity phenomena. 
The exact significance of such phenomena with reference to the future of sulfona¬ 
mide chemotherapy is not yet apparent. Nevertheless, the possibilities are 
sufficiently alarining to discourage the indiscriminate administration of the 
sulfonamides. 

THE FUTURE OF SULFONAMIDE CHEMOTHERAPY 

As time goes on and we recover somewhat from the effects of our enthu^sm 
with respect to the sulfonamides, their value in the practice of medicine becomes 
more clearly defined. This group of drugs will continue to hold an important 
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place in therapeutics. The indications for their use have been clearly defined 
but the contraindications are still somewhat debatable. It is with the latter that 
we must be more concerned in the future. Obviously, the use of sulfonamides 
in the treatment of an infection caused by an organism which is known not to be 
susceptible to the sulfonamides constitutes a contraindication. Among the other 
contraindications, may be mentioned inadequate therapy, indiscriminate prophy¬ 
lactic use, and administration prior to an attempt to discover the nature of the 
offending organism. These three errors of application invite the development 
of **fast strains*' of o^anisms. They also favor the development of sensitivity 
phenomena in the patients receiving them. If we are to keep the development 
of sensitivity cind the development of fastness at a minimum, then it behooves 
us to use the sulfonamides sparingly and only after weighing carefully all of the 
dangerous possibilities which may, and inevitably will, accrue from their indis¬ 
criminate use. 

It is probably justifiable to say that the sulfonamides themselves have served 
their greatest purp>ose in the treatment of human ills, not by virtue of their effect 
upon certain specific organisms, but because they have introduced us to a new 
approach to the problem of bacterial infection in general- -the so-called metabolic 
theory of bacteriostasis. There is every reason to believe that other substances 
essential to the welfare of a given oi^anism will be discovered. Then compounds 
may be prepared which will compote with that essential metabolite to the detriment 
of the oi^anism in question. From this point of view, the outlook for the future 
of chemotherapy is indeed bright and it is not inconceivable that some time in 
the near future we may hope for drugs which will rid us of all infectious diseases. 
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THE EFFECT OF CHEMICAL SOIL TREATMENTS ON THE 
DEVELOPMENT OP WHEAT MOSAIC 

FOLKE JOHNSON* 

Western Washington Escperiment Station, 

Puyallup, Washington 

INTRODUCTION 

Wheat mosaic virus, Marmor irilici H.*, is unique in the fact that it is trans¬ 
mitted from one generation of wheat to another through the soil. Both winter 
and spring wheat are susceptible to infection when planted in the fall, but usually 
the S 5 niiptoms are not noticeable until the following spring when the plants make 
rapid growth. In a previous commimication (4) the writer reported results on 
the study of certain insects and nematodes with regard to their ability to act as 
virus vectors. Neither the insects nor nematodes considered transmitted the 
virus. Thus far the vector of wheat mosaic virus occurring east of the Mississippi 
River has not been found, and the method of inoculation when plants are grown in 
virus-infested soil is open to conjecture. 

It is known that a soil treatment with a solution of formaldehyde in water will 
control wheat mosaic, as will steam sterilization ^5). It also has been shown (3) 
that control of the disease can be obtained by heating infested soil at a temperature 
of 60® C. for ten minutes. 1 

From our general knowledge of the disease it is believed that a soil-borne 
organism is responsible for transmission of the virus. In an attempt to elucidate 
this point a study was made to determine what effect certain chemicals used as 
insecticides and nematocides would have on the development of the disease when 
applied to virus-infested soil. The present paper discusses some of the results 
obtained, 

MATERIAL AND METHODS 

The soil used in these tests was collected from localities in Indiana where 
mosaic had seriously affected wheat over a period of many years. When treated, 
the soil was at a moisture content of 25 per cent and gave a pH reading of 4,8. 
By analysis the soil contained 26 per cent clay, 59 per cent silt, and 16 per cent sand 
.a^d fine gravel. 

*This work was conducted while the writer held the Muellhaupt Scholarship, Department 
of BotfUi^, Ohio State University, Columbus, Ohio. Grateful acknowledgement is made to 
Dr. R. M* Caldwell of RurcUie Umversity, and Dr. Benjamin Koehler of the University of 
IllinoiB, who xdl for investigational purposes. Without their aid this study could 

not have, been .t^wrtfdcen. The writer is also indebted to Dr. E. N. Transeau, Dr. W. O, 
Stover, and Dr. C. C. Alltson, oi Ohio State University, for tl^ir assistance in the preparation 
of the manuscript. Paper fn»n the Department of Botany, the Ohio State University, 
No. 478. 

^be Latin name of the virus follows the system of nomenclature in the Handbook of 
Phytopathogenic Viruses 0^)* 

125 








126 


FOLKE JOHNSON 


Vol. XLV 


Eighteen air-tight metal containers, with a capacity of 490 cubic inches, were 
filled to one inch from the top with virus-infested soil which previously had b^n 
passed through a screen of one-fourth-inch mesh. Six chemicals were studied at 
different concentrations. Calcium cyanide (granulated) was tised at 1, 3, and 5 
gms.; carbon disulphide at 2, 5, and 10 cc.; while chloropicrin, ethyl chloride, 
ethylene dichloride and methyl bromide each were used at 0.3, 1, and 3 cc. Each 
sample of chemical was placed in one of the metal containers, approximately 
equidistant from the bottom and the surface of the soil; then water was sprinkled 
over the surface to create a partial seal. A close-fitting, cardboard disc, which 
previously had been given three coats of animal glue on each side, was next 
inserted over the soil; and glue was used as a seal between the disc and container. 
This procedure was followed since the work of Godfrey (1) showed that the gases 
of chloropicrin and carbon disulphide do not readily diffuse through membranes 
of animal glue. As a check on the effect of the chemicals on the development of 
the plants, non-infested soil was treated in the manner described above, except 
that only six containers were used, one for each of the six chemicals. In each 
case the check soil was treated with a dosage equal to the largest amount of 
chemical applied to the infested soil. 

At the beginning of the experiment all soil was at a temperature of 16° C., and 
after the containers were sealed they were placed in a greenhouse where the tem- 
perattire was approximately 27° C. After seven days the discs were removed and 
the soil from each can spread out on separate paper sheets and placed outdoors to 
facilitate aeration. Strong odors of carbon disulphide, calcium cyanide, chloro¬ 
picrin, and methyl bromide could easily be detected as the discs were removed 
from their respective containers. 

The wheat was sown in No. 10 tin cans. The bottoms of the cans were per¬ 
forated with holes to permit drainage of excess water. The required number of 
these cans were first half filled with composted soil known to be free from virus. 
To this was added a three-inch thick layer of the chemically treated soil in which 
the wheat was planted four days after the discs were removed. The treated soil 
from each container was placed in five of the tin cans and fifteen seeds of Purdue 
No. 1 wheat, a variety highly susceptible to mosaic, were planted in each can. 
This method has been shown by Webb (7) and confirmed by the writer to give about 
as much infection as when infested soil was used exclusively without the underlying 
non-infested soil. 

After the wheat was planted all cans were placed outdoors over winter in soil 
trenches about eight inches deep and each series of five cans was placed in one 
row. There was a space of four inches between the cans in each row and sixteen 
inches between each row of five cans. As a control, wheat was also planted in 
virus-infested and non-infested soil which had not been treated with the chemicals. 
The outside soil was firmly pressed around each can and drainage of surface water 
was cared for by providing ditches in order that the soil within the cans should not 
become mixed. 


EXPERIMENTAt RESULTS 

There was a good stand of wheat and the plants were approximately six inches 
tall when the hard frosts and snows of winter settled. Considerable heaving of 
the soil within the cans caused some plants to die. No counts of plants were 
made in the fall, but one record from fiftjr cans selected at random made in the 
spring when the plants were making rapid growth gave an average of between 
eight and nine plants in each can. The diseased and healthy plants were not 
counted separately, but were critically examined three times up to the period 
when the wheat was in the boot stage. The results were recorded m a general way 
as; complete control; incomplete when both I»salthy and diseased plants were 
present; and no control. 
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The examinations revealed that calcium cyanide was more effective in con¬ 
trolling the disease when used at the higher concentrations. At 1 gm. there was 
no control; at 3 gms. control was incomplete; but 6 gms. completely controlled the 
disease. There were no diseased plants m the soil treated with carbon disulphide 
at each of the concentrations of 2, 5, and 10 cc. Chloropicrin and methyl bromide 
were similarly effective when used at 0.3, 1. and 3 cc. At the latter concentra¬ 
tions ethyl chloride was not effective, and ethylene dichloride gave only incomplete 
control at the two higher concentrations. 

In another experiment virus-infested soil, of an amoimt equal to that used 
previously, was placed in a tight container and subjected to the fumes of naphtha¬ 
lene at room temperature for 17 days. The soil was placed in cheesecloth bags 
and suspended over the naphthalene flakes. After four days of aeration it was 
planted to wheat in the manner described above. Another similar quantity of 
soil was air dried, then mixed thoroughly with 500 gms. of rotenone powder with 
active ingredients of 0.75 per cent. Water was then added before the wheat was 
sown. No disease developed as a result of either of these tr^tments. 

The plants grown in the non-infested soil remained healthy throughout the 
length of the experiment, while there was a very high incidence of disease in the 
virus-infested soil which had not been subjected to the chemicals. No evidence 
of any effect of these materials on the development of the plants was noticed. The 
results of these experiments are recorded in Table I. 

TABLE I 

Effect of Chemical Treatments to Virus-Infested Soil on the Development of 

Wheat Mosaic* 


Chemical 

Amount Used 

Effect on Disease 

Calcium cyanide .(granulated) 

3.0 gm. 

3.0 gm. 

6.0 gm. 

No control 

Incomplete control 
Complete control 

Carbon disulphide 

2.0 cc. ^ 

6.0 cc. 

10 0 cc. 

Complete control 

u u 

Chloropicrin 

0.3 cc, 

1.0 cc. 

3.0 cc. 

Comjjlete control 

U M 

Ethyl chloride 

0.3 cc. 

1.0 cc. 

3.0 cc. 

No control 

U tt 

u u 

Ethylene dichloride 

0.3 cc. 

1.0 cc. 

3.0 cc. 

No control 

Incomplete control 

« u 

Ddethyl bromide 

0.3 cc. 

1.0 cc. 

3.0 cc. 

Comjilete control 

u u 

Rotenone 

600.0 gm. 

Complete control 

Naphthalene 


Complete control 


•Grateful acknowledgement is made to Innidf Speiden & Conmany for chloropicrin; to the 
Pittsburg Chemical Company for methyl bromide; and to The Dow Chemical Company for 
ethylene dichloride and ethyl chloride. ^ 
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DISCUSSION 

These experiments were not planned in order to find a means of controlling 
wheat mosaic as this already is accomplished in a practical way by the use of 
resistant varieties, but it did seem of interest to study what effect some chemicals 
which are toxic to certain organisms would have on the development of the 
disease. While these results are somewhat interesting, it must be remembered that 
more than one replication of this work might have yielded other data, but unfor¬ 
tunately not enough virus-infested soil was available for such an undertaking. 

The results obtained indicate that the liquids previously used effectively as 
insecticides and nematocides were also effective in controlling the disease. 
Ethylene dichloride and ethyj chloride were not as effective, but nothing is known 
as to the efficiency of the animal glue membranes used as a seal over the fumigating 
chambers on the retention of these gases. It is interesting to point out that no 
disease developed in the soil with which rotenone dust had been mixed. In this 
case the soil had first been stored in a well ventilated room until dry before it was 
mixed with the rotenone, but this procedure was not considered to have affected 
the restilts obtained, since McKinney (6) has shown that the disease develops in 
virus infested and retained in an air-dried condition for three years. 

The nature of the vector of wheat mosaic virus is still open to discussion. It 
is believed that a subterranean insect or nematode transmits the virus, and that 
the action of the materials used was on the vector rather than on the causal agent. 
There are many kinds of subterranean arthropods such as thrips, spring tails, 
garden centipedes, mites, and root aphids, to mention a few, which might pass 
unnoticed to the unaided eye while examining soil. However, it is somewhat 
unxisual to expect such forms of animal life to refnain dormant in air-dried soil for 
three years and then resume parasitic habits after this period if favorable conditions 
for plant growth are provided Nematodes, on the other hand, have this capacity. 

SUMMARY 

A study was made on the action of certain chemicals, commonly used as insect¬ 
icides and nematocides, on the development of winter wheat mosaic. Samples of 
a specified quantity of virus-infested soil were subjected for seven days to the 
gases of five volatile liquids and two solids; besides, one contact insecticide was 
studied in this connection. 

Calcium cyanide when used in the greatest amount and carbon disulphide, 
chloropicrin and methyl bromide at each of the three concentrations used com¬ 
pletely controlled wheat mosaic. Ethylene dichloride reduced the incidence of 
the disease at the two larger dosages, but etyhl chloride gave no control. The 
fumes of naphthalene and rotenone dust, when mixed with the soil, also gave 
complete control of the disease. 

The action of these chemicals was probably on the vector rather than on 
the virus. 
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Introduction 

The object of this paper is not an intrusion <m the field of the botanist but is 
simply the listing of places favorable for the collecting of plant fossils in Ohio 
and the recording of the geology of such beds so that the botanist will know the 
position of the stratum in the geological column. The localities are definitely 
recorded (by number) and the place of contact is mapped on the topographic 
sheets (filed with the Botany Department, Ohio State University). The work of 
the geologists, as here defined, extends over a period of more than one hundred 
years (1836-1944) hence the actual exposure may now (1944) be hidden but the 
rock formations are still there. Diligent search may be necessary to uncover the 
fossil beds. 

The tools for exploration should be: topographic map of the area, hand level, 
6-foot ruler to determine position of the bed, a good geologist’s hammer, pick and 
shovel, and, in some cases, a breast a^er and a few sticks of dynamite. Coal 
mines usually yield some plant fossils, in the roof shales, in the bony partings, in 
the “mother coaU’ bands, and in the underclays. The treatment of the horizons 
is. in general, in ascending order, that is, from the Sharon coal of the Pottsville 
^ries erf the Pennsylvanian system^ to the Hundred sandstone of the Washington 
formation of the Permian system. 

Pennsylvanian System 

Throughout the geological ages the great period for plant species was during 
the time of the deposition of the thick mass, over 1,100 feet in Ohio, of sediments 
constituting the Pennsylvanian system. Then the coal beds, mainly of organic 
matter, were deposited, cycle after cycle, and on the average about 35 feet apart. 
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Some of these beds are quite thick over extensive areas and hence took great 
masses of vegetable matter to form them. The undercla 3 rs, purified largely 
through the action of organic acids, bear much evidence of pl^t roots and stems. 
The shales overl 5 dng the coal beds are locally rich in plant remains, often in a fine 
state of preservation. However, the coal forming stages were closed frequently 
by subsidence, letting in the sea with the deposition of limestones and calcareous 
shales with a wide range of animal fossils. 


POTTSVILLE SERIES 

Pottsville time evidently opened with an abundance of plant species, as is 
indicated by the thickness and number of coal beds and by the numerous plant 
markings in the overlying shales. This series of rocks in Ohio is, on the average, 
about 256 feet in thickness and contains twelve recognized coal beds, some of 
which are of major importance. These rocks extend from Scioto County on the 
Ohio River to Trumbull and Mahoning Counties on the OhioPennsylvania line. 


SHARON COAL HORIZON 

The Sharon coal is fotjnd chiefly in three fields; 

(a) Jackson field, in Jackson, Pike and Scioto Counties. 

(b) Massillon field, in Stark, Wayne, Summit and Portage Counties. 

(c) Mahoning Valley field, in Trumbull and Mahoning Counties. 

In general the roof shales of the Sharon coal contain plant fossils and locally they are very 
rich in well preserved material. 


Re/erence: Geological Survey Ohio Vol. 1, Paleontology, Plant Fossils by J. S. Newberry, 
pages 35^385. 

Location: See Akron, Kent, Massillon, Warren and Youngstown sheets for old mine 
locations. 

The plant fossils were gathered largely from Coal Hill near Tallmadge, from Mineral 
Ridge south of Warren, and from the Massillon field near Massillon. Although the mining of 
coal is small at present in these areas, yet a few mines are found. Further, some outcrop 
exposures are available for collecting. 

Reference: Second Annual Report on the Geological Survey of Ohio, 1838, page 60. 

Location: A detached hill, one mile west of the center of Tallmadge, Summit County, 
overlies at least 600 acres of accessible coal. Kent topographic sheet. 

'The coal (Sharon) is somewhat undulatixig, varies in thickness from two to five feet, and 
cokes well. The shale and sandstone roof contains an abundance of vegetable fossils/’ 


Reference: Section 70, field notes, Jackson County, Stout. 

Location: Shaft mine of the Jackson Iron and Steel Company, west of Jackson, in the 
southwest comer of Section 80, Lick Township, Jackson County. Jackson topographic sheet. 


Ft. 

Ore, Lincoln . 1 

Sandstone, flaggy.42 

Shale, gray. 5 

Coal, Anthony . 0 

Clay, soft, Sciotoville . 3 

Covered.•.63 

Top of shaft. 

Shales and covered.25 

Shale ^ with plant fossils . 5 

Coal, Sharon . 3 

Shale, sandy. 2 

Conglomerate, Sharon .60 


In. 

0 

0 

0 

6 

0 

0 

0 

0 

3 

10 

0 
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Many Sharon coal mines of the Jackson district yield plant fossils in the overlying shales. 
Some mines show flattened stems and trunks, a few of rather large sixe. As this is the oldest 
coal in Ohio these plants represent the life at the beginning of the great coal forming period, 
the Pennsylvanian system. 

Reference: Section 91, field notes, Jackson County, Stout. 

Location: Shaft mine of the Globe Iron Company, located one and one-fourth miles 
southeast of Jackson in the east central part of Section 28, Lick Township, Jackson County. 
Jackson topographic sheet. 



Ft. 

In. 

.Sandstone. 

10 

0 

Ore, Kidney, Upper Mercer 

. 0 

6 

Covered. . 

.77 

0 

Shales, parts covered. 

10 

0 

Coal blossom, Vandusen . 

. 0 

4 

Covered. ... 

.28 

0 

Coal, Bear Run .... 

0 

S 

Clay, siliceous. . ., 

... 1 

0 

Shale, gray.. 

. 1 

0 

Covered. 

. . 20 

0 

Sandstone, massive, Massillon, 

. . 10 

0 

Top of shaft. 



Shale and sandstone.. . 

.100 

0 

ShalOt grayt with many plant fossils 

. . 10 

0* 

Coal, bony 

] ^ 

1 

Coal, good 

> Sharon ^ 3 

m 

Coal, bony. . . 

. .. J 1 0 

4 


Reference: Geological Survey Ohio, Fourth Series, Bulletin 20, page 594. 

Location: “Sharon conglomerate—In the sandy layers of the Sharon conglomerate in 
eastern Harrison and Madison townships, Scioto County, well preserved.trunks and stems of 
Coal Measure plants were seen and in a few places ^observed even in the pebbly layers.” 
“Sharon coal horizon—As would be expected, plant remains are common at this horizon, 
especially in the regions where the coal is well developed. Many root markings are present in 
the clays below the coal, while in the shales above the impressions of plant trunks and stems 
are common. The leaves are not usually well preserved.” 

SCIOTOVILLE CLAY HORIZON 

The Sciotoville clay is widely distributed, but in patches across the State. The chief 
productive field is in eastern Scioto County, Small bodies of clay are also worked in Jackson, 
Vinton and Hocking Counties. 

Reference: Geological Survey Ohio, Fourth Series, Bulletin 20, page 696. 

Locality: largely Scioto County: “Sciotoville Clay Horizon—The clay contains impres¬ 
sions of roots of Coal Measure plants, but no evidence of animal life was found. The shales 
and shaly sandstone above the clay m many localities in Scioto and Jackson Counties contain 
fossil Conostichus and Asterophycus in large numbers. A few places for collecting are: the old 
clay mine on Daum Hill, in Section 33, Harrison Township, Scioto County; on the land of Dr. 
Keyes, in Section 28, Harrison Township; along the cut of the Baltimore and Ohio South¬ 
western Railroad; near &ephart; and on the point of the hill just north of the plant (abandoned) 
of the Buckeye Fire Brick and Clay Company at Scioto Furnace. At the last named locality 
worm tracks are also found in the shaly sandstone.” 

R^erence: Section 1, field notes, Scioto County, Stout. 

Location: Munn Hill, southwest Section 38, Harrison Township Scioto County. Conos- 
Hchus and Asterophycus found in shales and shaly sandstone above the Sciotoville clay. Clay 
horizon marked by old strip mines near the top of the hill. Sciotoville topographic sheet. 
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Pottsvilla formation: Ft. In. 

Shale and shaly eandsUma, with plant fossils . 20 0 

Coal* Anthony . 0 6 

Clay, flint, many root impressions, SciotovUh . 3 6 

Shale and covered. 38 0 

Erosion interval: 

Flint, pebbles and ore, Harrison . 2 0 

Waverly formation: 

Shales and shaly sandstones. 


Such fossils are also present on the narrow ridge in the southeastern part of Section 32, 
along the ridge in southeastern Section 29, and along the main ridge in the southern part of 
Section 38, Harrison Township, Scioto Cotmty. 


R^eronco: Section 86 L. field notes, Scioto County, Stout. 

Location: Cut of Baltimore and Ohio Railroad, northeast of Gephart, in the east central 
part d Section 30, Bloom Township, Scioto County. Sciotoville topographic sheet. 


Shales, thin bedded, blue, with ConosHchus in cut of railroad .. 

Coal, dense, bright, good.. .. 

Shale, impure.‘ Anthony 

Coal, dense, bright, good.] 

Clay, flint and semiflint, good, with root impressions, Scioto- 

ville . 

‘Conglomerate, Sharon . 


In. 

0 

4 

2 

7 

6 

0 


R^erence: Section 240, field notes, Scioto Cotmty, Stout. 

Location: Section at Scioto Furnace, on point of hill in southwestern Section 21, Bloom 
Township, Scioto County, Sciotoville topographic sheet. 

Ft. In. 


Sandstone, shaly. 10 0 

Shales, with thin sandstone and flag ore la^rs, sandstone 

layers with worm tracks. .4 0 

Covered. 5 0 

Shale with thin sandstone layers. .... 6 0 

Covered. 16 0 

Shales with thin sandstone layers, also ConosHchus fossils. ... 21 0 

Coal smut, Anthony . 0 2 

Clay, flint, sandy, SdotovUle . 10 0 


R^erence: Section 268, field notes, Jackson County, Stout. 

Location: Up road one mile west of Riegel School, just south of crossroads, in the central 
part of Section 4, Hamilton Township, Jackson County. Oak Hill topographic sheet. 

The Sciotoville clay very frequently, contains many root impressions, locally giving the 
name **Calico clay" to the material. At this place this condition prevails; 

Ft. In. 

Shales and covered. 20 0 

Sandstone, flaggy, red colored, very ferruginous, horison of 

Lincoln ore . 8 

Shale, gray. 3 

Shales and covered. 8 

Sandstone, medium bedded. 10 

Covered. 16 

Sandstone. 1 


Coal, dense. 
Shale, dark. 
Coal, dense. 


Huddeherry 


0 

1 

1 


0 

0 

0 

0 

0 

0 

8 

8 

2 
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Clay, dark, sandy. 2 0 

Clay shales. 5 0 

Ore, siliceous, Guinea Fowl . 1 6 

Shale, gray.. 1 3 

Coal blossom, Anthony, 0 1 

Clay, very siliceous, light, root marked. { ^ ^ 

Clay, very siliceous, light.* Scioloville j 3 0 

Clay, siliceous, with ore nodules. [ 1 0 

Sandstone, irregularly bedded, red colored. 6 8 


GUINEA FOWL ORE HORIZON 

The Guinea Fowl ore is local in distribution and is confined largely to Scioto, Jackson, and 
Vinton Counties. It was worked for iron smelting only in Scioto County. Locally the shale, 
sandstone, and iron ore at this horizon are sparingly fossiliferous. 

Reference: Section 66, field notes, Scioto County, Stout. 

Location: Record taken along the road, just east of the center of Section 10, Madison 
Township, Scioto County, on the property of Sampson Spriggs. Sciotoville topographic sheet. 

Ft. In. 

Sandstone, many plant fossils . 2 0 

Ore, blocky, good, Guinea Fowl. . .... 0 6 

Sandstone, ferruginous.. . 0 8 

Shale and covered.. ... 10 0 

Clay, good, light, plastic, Sciotoville. .... 2 0 

QUAKKRTOWN COAL HORIZON 

The Quaker town coal is widely distributed across Ohio from Scioto County on the Ohio 
River to Mahoning Coimty on the Ohio-Pennsylvania line. Locally it bears plant fossils, 
occasionally in abundance and well preserved. 

Reference: Section 62, field notes, Scioto County, Stout, also Geological Survey Ohio, 
Fourth Series, Bulletin 20, pages 661 and 696. \ 

Location: On land of Henry Moore, south of Frederick Creek, in the northeastern part of 
Section 20, Bloom Township, Scioto County. Sciotoville topographic sheet. 


Ft. In. 


Shale, with plant fossils.. 


2 

0 

Shale, black, with thin coal bands. 

1 Quakertown \ 

0 

4 

Coal, solid block, good. . 

1 

6 

Shale and covered... 


31 

0 

Ore, Guinea Fowl . 


. 0 

6 

Shale. 


6 

6 

Coal, Anthony . 


. 0 

2 

Clay, fiint and semi-flint, Sciotoville. 


3 

0 


Reference: Geological Survey Ohio, Vol. 2, Paleontology. Description of Fossil Plants 
from I^wer Carboniferous Strata, E. B. Andrews, pages 413-426. 

Location: *‘Plants found in a thin band of bituminous shale located a little above the base 
of the Coal Measures, in Perry County, about two miles east of Rushville. This layer of shale 
is from 26 to 30 feet above the top cf the Maxville limestone. The shale containing the plants 
I (Andrews) have never found except at one spot, where it is exposed in a ditch by the road¬ 
side, and all the plants were found within the limits of a few square yards.” The probable 
location of this spot is in the west central part of Section 26, Reading Township, Perry County. 
The horizon is the Quakertown or possibly Bear Run coal. Thomville topographic sheet. 
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UNCOLN Oft JACKSON SAND BLOCK ORE HORIZON 

This ore is very iincertam in distribution and in character. The chief field is in southern 
Ohio. Locally it bears plant fossils, some well preserved. 

Reference: Geological Survey Ohio. Fourth series, Bulletin 20, page 607. 

Location: Worked in southeastern Section 16, Bloom Township, Scioto County. Scioto- 
ville topographic sheet. « 

^"Lincoln ore.—The deposits of Lincoln ore north of Scioto Furnace contain plant fossils." 


Reference: Section 88, field notes, Jackson County, Stout. 

)Location: The largest mine of Jackson Sand Block ore was on the property of John W. 
Com, in the northwestern part of Section 2, Scioto Township, Jackson County. Jackson 
topographic sheet. 

In this area the Lincoln or Jackson Sand Block ore contains some plant fossils. Seeds and 
seed pods are present but not common. The deposits formerly worked were southwest of 
Jackson in southwestern Lick, southeastern Liberty, and northeastern Scioto Townships, 
Jackson County. 


Shale, blue. . 

Ore, good. ... .. ] 

Shale, blue. . . [ Jackson Sand Block 

Ore, solid block. ] 

Clay shale, sandy. 

At this place the ore lies 115 feet above the Sharon coal. 


Ft. 

6 

1 

0 

5 


In. 

0 

2 

11 

10 


VANDUSEN COAL HORIZON 

The Vandusen coal is irregularly but rather widely distributed. It is always thin, seldom 
reaching one foot in thickness. In southern Jackson County the overlying shales are rich in 
plant fossils, well preserved. 


Reference: Section 266, field notes, Jackson County, Stout. 

Location: Record taken along the stream on the Marion Vandusen property and along the 
road in the east central part of Section 1, Hamilton Township, Jackson County. Coal seen in 
bank of Little Scioto River. Oak Hill topographic sheet. 


Ore, Upper Mercer . 

Covered.. 

Ore, Lower Mercer or Little Red Block.. 
Covered. 


Shale, dark blue. 

Shale, light blue, with many plant fossils well preserved 

Shale, bony. 

Coal, good . 


Vandusen 


( 


Ft. 

0 

37 

0 

77 

7 

2 

0 

0 


In. 

6 

0 

3 

0 

0 

0 

6 

11 


R^erence: Section 285, field notes, Jackson County, Stout. 

Location: Plant fossils are also abundant in the shales above the Vandusen coal along the 
stream in the south central part of Section 13, Scioto Township, Jackson County, on the prop¬ 
erty of W. T. Plummer and that of H. A. Wykle. Oak Hill topographic sheet. 


Pt. 

Ore, Upper Mercer . 0 

Coverfed.48 

Sandstone and covered.20 

Covered.14 

Coal and bone shale, Lower Mercer . 4 

Covered.. 9 

Shale, gray.11 

Shale, blue, many plant fossils . 7 

Coal, Vandusen . 0 


In. 

4 

0 

0 

0 

0 

0 

0 

0 

11 
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R^ermc^: Section 308, field notes, Jackson County, Stout. 

LoccMen: Record taken near the Grange Hall, east central Section 10, Franklin Township, 
Jackson County, seen along road on Pour-mile Creek, near Portstnou^-Jackson Pike. Oak 
Hill topographic sheet. 



Ft. 

In. 

Shales and shaly sandstone. 

.8 

0 

Shaltj dark^ vnth many plant markings . 

.... .1 

0 

Shale, coaly, Vandusen coal horizon. . . 

. 0 

5 

Clay, light, shaly. 

. 1 

0 

Sandstone. 

. . 6 

0 

UPPER MERCER COAL HORIZON 


The mineable deposits of Upper Mercer coal are 

confined largely to southern Ohio, in 

Jackson, Scioto, and Lawrence Counties. The roof shales frequently bear plant fossils and 
locally are rich in such material. The chief area for collecting is north of Jeflcrson Furnace 

in Jackson County. 



Reference: Section 169, field notes, Jackson County, Stout. 


Location: On the property of Stephen Jones in south central Section 8, Jefierson Town¬ 
ship, Jackson County, the Upper Mercer coal is mined for local use. The overlying shale is 

rich in plant fossils. Oak Hill topographic sheet. 

Ft, 

In. 

Sandstone and shale . 

.17 

0 

Shales. 

... .8 

0 

Clay and clay shales, light, Brookvtlle 

7 

0 

Sandstone . 

8 

0 

Covered... 

..6 

0 

Sandstone, massive . 

18 

0 

Ore, Upper Mercer. 

0 

2 

Shale and covered . 

8 

10 

Ore, Sand Block . 

0 

4 

Shale^ rich in plant fossils. 

\ . 9 

8 

Coal, good, Upper Mercer. 

. . 1 

10 

Clay, light. 

. 2 

0 

Sandstone, massive. . 

. 26 

0 


BEDFORD COAL HORIZON 

In general, the Bedford coal is overlain by the Upper Mercer limestone, fiint, or ore, all of 
marine origin. Locally, however, these are absent and shale is found on the horizon. In a 
few plaoes this shale bears plant fossils. 


Refermce: Section 63, field notes, Vinton County, Stout. 

Location: Record taken aloxtg the road in the south central part of Section 17, Elk Town¬ 
ship, Vinton County. Zaleski topographic sheet. 




Sandstone, soft. 

Coal, good. 

Clay, impure. 

Coal, good—«.. . . 

Clay, dark,., . 

Coal, good... 

Covered, with flint... 
Top of road on ridge. 


Winters 



In. 

0 

6 

3 

7 

5 

2 

0 


Soil. 4 6 

Shale, gray. 6 0 

Shale, badly weathered, fossiliferous, Putnam HUl . 0 6 

Coal blossom, Brookoille or Newland . 4 0 
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Ft. 

In. 

Clay, light, plastic. 

4 

0 

Shale, gray. . . 

13 

0 

ShalCt dark, plant fossils, Bedford coal horizon. 

1 

0 

Clay, dark, impure. 

2 

6 

Shale, siliceous. 

7 

0 

Sandstone, soft, part shaly. . 

6 

0 

Clay shale, siliceous, Upper Mercer coal horizon. 

2 

0 

Covered. . 

10 

0 

Limestone, shaly, part covered 1 , / 

> l^ower Mercer \ 

5 

0 

Limestone, hard, blue.k.... • • • i 1 

0 

7 

TIONESTA COAL HORIZON 



The Tionesta coal is widely distributed but usually thin and shaly. 

Its position is close 

below the Brookvilie clay. Where shale intervenes between the Tionesta coal and the Brook- 

ville clay this shale often bears plant fossils, locally in abundance. 



Reference: Section 16, field notes, Muskingum County, Lambom. 



Location: Section taken at the old stone quarry near the plant of the Zanesville Stoneware 

Company in Putnam, a suburb of Zanesville. Muskingum County. Zanesville topographic 

sheet. 




Ft. 

In. 

Limestone, Putnam Hill . 

2 

0 

Clay and covered, . 

3 

0 

Shales, sandy. . ,. 

8 

0 

Shales, gray to dark, plant fossils abundant. . 

9 

6 

Coal, Tionesta . 

1 

10 

Clay, siliceous. ... 

1 

2 

Sandstone, shaly. 

1 

0 

Sandstone, Homewood. . . 

21 

0 


Reference: Second Annual Report on the Geological Survey of Ohio, 1838, page 101, J. W. 
Foster. 

Location: At Zanesville. 

“Few places in the world, perhaps, afford plant fossils in such abundance and perfection as 
the mines about Zanesville. Many of the plates in the splendid work, "Histoire des Vegetaux 
Fossile/* by M. Adolphe Brongniart, were figured from specimens furnished him by the late 
Ebeneser Granger, Esquire, or from drawings sent by W. A. Adams, Esquire, all of which 
were procured near Zanesville. Among that collection were the Neuropterts Granger*, named 
in honor of the first gentleman; and the Poacites lanceolatat vegetables which have been found 
only at Zanesville." 

Further, for the Tionesta horizon on Putnam Hill, near Zanesville see Observations on 
the Bituminous Coal deposit of the valley of the Ohio, and the accompanying rock strata; 
with notices on the fossil Organic remains and the relics of Vegetable and Animal bodies, illus¬ 
trated by a Geological map, by numerous drawings of plants and shells, and by views of inter¬ 
esting scenery; by Dr. S. P. Hildreth, of Marietta, Ohio, the American Journal of Science, 
and Arts, Vol. XXIX, January, 1836, pages 80*38. 

ALLEGHENY SERIES 

In Ohio the Allegheny series has a thickness of close to 212 feet and in the section bears 
thirteen coal beds, some of which are exceptionally well developed. Plant fossils are common 
in many localities but only a few of the richer fields will be not^ here. 
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CLARION COAL HORIZON 

In most of the field the Clarion coal is overlain by the VajD|x>rt limestone of marine 


derivation. Locally this limestone is replaced by shale which occasionally bears plant fossils. 

Reference: Section 63, field notes, Vinton County, Stout. 

Location: On the Orval Lewis proprety, just east of Prattsville, in north central Section 26, 

Madison Township, Vinton County. Wilkesville topographic sheet. 


Ft. 

In. 

Sandstone, soft, friable. ... . ,., 

10 

0 

Shale, gray. . 

. 12 

0 

Coal, shaly, Scrub Grass ... 

1 

5 

ShiUe, black, carbonaceous, plant fossils. 

4 

2 

Coal, with partings, Clarion . . 

4 

0 

Reference: Section 93, field notes, Columbiana County, Lambom. 

Location: Section along the paved road, west side of California Hollow, 

just north of the 

center of Section 24, Liveipool Township, Columbiana County. Wells ville topographic sheet. 


Ft. 

In 

Sandstone, gray, siliceous. 

20 

0 

Coal, on outcrop, Rogers, Lower Freeport 

2 

0 

Clay, siliceous. 

2 

0 

Shale, gray, siliceous. 

25 

0 

Sandstone and covered. 

50 

0 

Coal blossom, Lower Kitianning, No. 5 

2 

0 

Clay and covered. 

5 

0 

Sandstone, shale and covered. . 

83 

0 

Sandstone, heavy ledge. 

2 

0 

Shale, gray, siliceous. 

1 

8 

Sandstone,... .> . ... 

. 1 

1 

Shale, gray, siliceous, ferruginous. . . 

1 

3 

Shale, dark, carbonaceous, with plant fossils. .. 

. 0 

5 

Clay, gray, plastic, a little siliceous , ] Clarion 1 

0 

9 

Clay, gray, very siliceous at base. . ; / \ 

1 

5 

Sandstone. . 

20 

0 


LOWER KITTANNING COAL HORIZON 

The Lower Kit tanning coal is very persistent across the State, seldom being absent from 
the section. The overlying shales frequently yield some plant fossils but locally offer good 
collecting. 

Reference: Section 179, Geological Survey Ohio. Report of Progress, 1870, page 179, 
Gallia County. 

Location: Record taken in Section 7, Huntington Township, Galha County, about iVi 


miles east of Keystone Furnace. Wilkesville topographic sheet. 

Ft. In. 

Clay shale, blue, rich in coal plants . 6 0 

* Coal, upper 8 inches shaly, Lower Killanning .. .. 4 0 

Covered. . . ... 60 0 

Ore, Ferriferous . 1 0 

Limestone, Vahport. 4 0 


This coal is exposed along the valley in the southwestern part of Section 7, at an elevation 
close to 700 feet. 

Reference: Section ISO, field notes, Vinton County, Stout. 

Location: Section taken along the road to the ridge in the northeastern part of Section 22, 
Elk Township, Vinton County. (See Bulletin 31, Geol. Survey Ohio, page2W.) Zaleski topo¬ 
graphic sheet. 
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Sbato* gray. 

Coal, bony. 

Shale, dark. 

Coal, good. 

Shale, impure. 

Coal, good. 

Clay shale, sandstone and covered. 

Shale^ gray^ with well preserved, plant fossils 

Clay shale, dark, with papery coal.. 

Coal, good. 

Clay shale. 

Coal, hard, bony. 

Clay shale. 

Coal, poor. 

Covered. 

Sandstone. 

Covered, Vanport limestone in interval 

Coal, xxiugh. 

Clay, in^nire . 

Coal, good . 

Clay shale. 

Coal, good. 


Middle Kiitanning 
mine of Jacob Morgan, 
elevation 900 feet 


Lower Kittanning 


Clarion 


Ft. 

5 

0 

0 

2 

0 

0 


1 

0 

0 

2 

0 

0 

e 

26 

6 

1 

0 

1 

0 

1 


In. 

0 

6 

3 
8 
1 

4 
0 
0 
8 
4 

4 

5 
4 

6 
0 
0 
0 
0 
6 
7 
1 
1 


STIUSBURG COAL HORIZON 

In Ohio the Strasburg coal is only locally well defined, best in the Strasburg area ofiTus- 
carawas County. However, the horizon may be traced over a wide area. 


Rejerencet Section 34, field notes, Muskingum County, Stout. 

Location: At the pit of the Burton-Townsend Brick Company, No. 2 plant, east of Zanes¬ 
ville, Muskingum County. Philo topographic sheet. 


Ft. 

Sand, used for molding sand.20 

Shale, gray, used for brick. 40 

Coal, bony. ^ 0 

SS.'Sfic.;,. I 

Coal, good. 0 

Clay, plastic, shaly. 6 

Sandstone, ferruginous, shaly. 2 

Shale, with very fine plant fossils well preserved . 4 

Coal, hard, bony, Strasburg ... 0 

Clay, plastic. 5 

Clay, part fiint, with limestone nodules. 7 

Coal smut. Lower Kittanning . 0 

Clay, light, plastic. 7 

Clay, very siliceous. 7 

Sandstone. 


In. 

0 

0 

7 

2 

1 

10 

6 

6 

6 

2 

0 

0 

1 

0 

0 


In the following section the shale bearing plant fossils is not well identified but evidently 
belonge to the Strasburg coal horizon, 

Rrference: Section 77, Thesis, Ohio State University, 1029, Theodore Ralph Meyers, The 
Geology of Jefferson and Bedford Townships, Coshocton County, page 77. 

Location: Coal mine one-fourth mile northeast of McCurty School in the southeastern 
part of Section 19, Bedford Township, Coshocton County. Brinkhaven topographic sheet. 
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Sandstone, massive, yellowish-brown, Lower Freeport _ 

Shale, blue-gray. . 

Coal, shaly. 

Shale, dark. 

Coal, good.... . . 

Clay shale, gray. 

Coal, fair. 

Clay, plastic, light colored... . 

Shalet siliceous, with plant fossils,. 


Middle KittanrUng 


Ft. 

25 

1 

0 

0 

2 

0 

0 

0 

1 


In. 

0 

6 

7 

2H 

7 

H 

3 

4 
6 


SNOW PORK ORE HORIZON 

Locally across the State and from 5 to 15 feet below the Middle Kittanning coal a lime¬ 
stone or an iron ore makes its appearance. In eastern Ohio in Columbiana and Mahoning 
Counties the limestone, the common phase, is known as the Salem and in the Hocking Valley 
of Athens and Hocking Counties the iron ore, there important for iron smelting, was Imown as 
the Snow Fork. 

I 

Reference: Record flOO, Second Annual Report of the Geological Survey of Ohio, 1838, 
pp. 14^. C. Briggs, Jr. Also Gaol. Survey Ohio, Volume 111, pages ^ and 906-907, 
Andrews. 

Location: Chief field on Snow Fork cast of Buchtel, in Section 6, York Township, Athens 
County. 

**The most continuous, and probably the most valuable, deposits of iron ore in this county 
(Athens), is a few feet below the Nelsonville (Middle Kittanning) coaL This is a very heavy, 
compact ore, of a bluish color, and varies in thickness, from 6 to 10 inches. It contains impres¬ 
sions of ferns and other extinct vegetation. It is well disclosed at Whittimore's (one mile east 
of Buchtel) on the Snow Fork of Monday Creek, resting on a bed of shale, which disintegrates 
into a yellowish, ochrey clay. Split in the line of cleavage, it often reveals beautiful 
impressions of vegetable.'*—Briggs. 

"On lower Monday Creek, and on Snow Fork, the ore is in flat discs, which contain coal 
plants in a state of beautiful preservation. The ore is K cognized by all familiar with the geol¬ 
ogy of this district (Hocking Valley) from its relation to Coal No. VI, (Middle Kittanning) 
with which it is closely associated, underlying it at an interval of two to ten feet. It is a very 
compact and close-grained, blue carbonate, lying in large blocks and kidneys, in the clays 
that support the coal. It is also characterized from the Hocking Valley to the Ohio River by 
bolding beautifully preserved coal plants. Leaflets of ferns, bits of bark, and branches are 
found throughout its substance, often in an exquisite state of preservation. Insect remains 
are to be expected here. The ore was first recognized with all of these peculiarities by the 
geologists of the First Survey (1838). The locality at which they found it is one of the best 
known today (1878), viz., the Whitmore farm on Snow Fork, a mile east of Bessemer (Buchtel). 
It is designated in the section as the Snow Fork ore."—Andrews. 

HIDDUB KITTANNING COAL HORIZON 

The Middle Kittanning is one of the great coal beds of Ohio. It is persistent and main¬ 
tains good thickness and quality across the State. In large areas in eastern and central Ohio 
it is overlain by shales and limestones with marine fossils. However, in the Hocking Valley 
aroutid New Straitsville, Shawnee, Hemlock, and Buckingham the overlying shales provide 
one of the best collecting grounds for plant fossils in Ohio. Other areas in southern Ohio 
yield some material of fair quality. 

Rs^^ence: Section 6, field notes, Jackson County, Stout. 

LocaHon: Record taken in the northeastern* part of Section 4, south, Madison Township, 
Jackson County, on the Thomas Davis property just west of Sardis Church. Oak Hill topo- 
gri^^ic sheet. 
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Shale, siliceous. 

ShalCt very fossUiftrouSt plant types. 

Shale, '‘draw slate". 

Coal, good. 

Clay and bony coal. 

Clay, siliceous. 


Middle Kittannini 


Ft. 

5 

2 

0 

1 

0 

4 


In. 

0 

0 

2 

11 

2 

0 


Reference: Section 841, Geological Survey Ohio, Report of Progress, 1869, page 100; Ibid, 
Volume 111, pages 841'-842. 

Location: "On the farm of Benjamin Sanders, Monroe Township, Perry County, on the 
west branch of Sunday Creek the cdal (Middle Kittanning) measures 11 feet." This section 
was taken a little below Hemlock. New Lexington topographic sheet. 

Ft. In. 


Soil. 

Shale, with coal plants. 

Coal. 

Slaty streak. 

Coal. 

Clay parting. 

Coal. .. . 

Fire clay. 


Middle Kittanning 


1 

0 

5 

0 

3 


1 

8 

9 

0 


Reference: Geological Survey Ohio, Report of Progress 1869, page 99. 

Location: "At Gaver's mill, and on the adjacent land at L. M. McDonald, Esquire, near 
the Coal Dale, P. O.,. Salt Lick Township, Perry County, the seam (Middle Kittanning) meas¬ 
ures 6 feet, 2 inches. Location north of New Straitsville, not definitely placed. New Lex¬ 
ington topographic sheet. 


Ft. 

Sandstone, heavy.40 

Shale^ bluet ricA in coal plants . 4 

0 
0 
1 
2 
0 
0 
0 
1 


> Middle Kittanning 


Coal, slaty. 

Coal, good. 

Shale, with pyrite. 

Coal, good. 

Clay, black.. 

Coal, good.. ,. 

Clay, black 

Coal, good. 

"Here there is a good slate roof, very rich in plant fossils.' 


In. 

0 

6 

2 

8 

0 

4 

m 

10 

1 


CONEMAUGH SERIES 

The last invasion of the ocean during Pennsylvanian time occurred at the horison of the 
Skelley limestone about midway in the Conemaugh series. Above that member the strata 
are entirely fresh water and below it both marine and fresh water. This grotip of rocks in 
Ohio averages about 400 feet in thickness. It bears eleven named coal beds but all of them are 
thin, some mere soot streaks. However, they afford good ooUecting for the paleo-botanist. 
The outstanding horixons are the Mahoning, Mason, and Harlem, each of which will yield 
much good material. 

UAHONING COAL HORIZON 

The Mahoning coal near the base of the Conemaugh groiq> of strata is one of the outstand* 
ing horizons in Ohio for plant fossils. The coal is of importance only in the eastern part of the 
State. A few of the better places will be listed. 

Reference: Section 318, field notes, Gallia County, Stout. 
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Location: Taken along road, from the valley to the ridge crest in Section 34, Morgan 
Township, Gallia Cotmty. Bidwell topographic sheet. 


Shale, gray. .... 

Clay shales, red.. ... 

Limestone, very fossilferous, Ames*,. 

Shale, gray. 

Clay shale, red,. . 

Shale, gray. 

Clay shale, red ... 

Sandstone, shaly. 

Covered. 

Limestone, Cambridge.. 

Coal, Wtlgus. : ... 

Clay, light . . 

Shales and covered 
Sandstone, shaly, ferruginous. . . 

Shale, siliceous.. . ... 

Covered. , . 

Limestone, shaly 
Shale, calcareous 
Limestone, irregular. 

Sandstone, calcareous, ripple marked 
Coal, Mason. , 

Shale, blue. 

Shalet very rich in plant fosstls. 

Coal, good, MaJtontngf on John Spires property 

Clay, light. . 

Clay, mottled . 

Shales, gray, calcareous. 

Clay shales, light, parts covered. 

Sandstone, massive, M<^oning. t. 

Coal, Upper Freeport, below sandstone but not seen 


Brush Creek 


Ft. 

. 11 
. 7 
. 2 
. 18 
15 
. 9 
10 
6 

, 16 
2 
1 
1 
7 

. 0 

9 
6 
1 
6 
1 

33 
. 1 
15 

4 
0 
3 

5 

6 

10 
10 


In. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 


Reference: Section 1 C, Geological Survey Ohio, Fourth Series, Bulletin 17, Condit. 
Page 231. 

Location: Shale pit in southeast Section 7, Center Township, Carroll County. Carrollton 
topographic sheet. 

"The Deckman-Duty Brick Company, Carrollton. 

"This brick plant is situated on the north side of the Wheeling and Lake Erie Railroad, 
about one mile southwest of Carrollton. 

"At the hill top is a coarse-grained sandstone, 12 feet thick, which is stripped. The 
underlying shale, 54 feet thick, is bluish-gray in the unweathered portion, and near the surface 
shows greenish or rusty-brown tints. Irregular carbonaceous streaks, having abundant plant 
impressions, are plentiful in the lower portion, together with occasional carbonate concretions. 
The lower portion of the pit exposing the Mahoning coal (‘Strip Vein' of Salineville) with a 
thickness of about 1 foot, and the Upper Freeport coal, lying 40 feet lower, is mined in a 
neighboring hollow." 

MASON COAL 

As a coal bed the Mason is of little importance in Ohio. The usual mark is a few inches 
of shaly coal or a mere soot streak. Locally, however, it offers good collecting for fossil 
plants. 

Reference: Section 850, field notes, Gallia Cotmty, Stout. 

Location: Section taken along the road in the northwest comer of Section 34, Raccoon 
Township, Gallia County, Bidwell topographic sheet. 
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Shales, gray. 

Shale, hard, bony.. 

Shale, many plant fossils _ 

Coal, bony . 

Coal, good. 


I Mason | 


Ft. 

8 

0 

2 

0 

1 


In. 

0 

4 
8 

5 
2 


R^erence: Section 1045, Geological Survey Ohio, Fourth Series, Bulletin 36, page 125, 
Lambom. 

Location: Section taken at the Quarry of the General Stone Company, above the river 
road, in the northern part of Sectien 25, Island Creek Township, Jefferson County. Steuben¬ 
ville topographic sheet. 


Ft. In. 


Shale, arenaceous, estimated.40 0 

Clay, bluish-gray, with limestone nodules. 4 0 

Clay shale, red. ... ... 20 0 

Coal blossom, Wilgus ... 0 1 

Clay, gray, arenaceous. , . 6 2 

Clay shale, red, with ore nodules. . , ., 18 0 

Sandstone, massive, Buffalo .. 35 0 

Covered, .... 32 0 

Shale, gray, calcareous. 8 0 

Clay, dark, shaly. .1 4 

Clay, grayish-brown, arenaceous. 5 4 

Shale, calcareous . 18 8 

Shale, dark, with plant impressions .1 2 

Coal, shaly, Mason. , .... ... 0 3 

Clay, gray, plastic.. .8 0 


Reference: Section 964, Geological Survey Ohio, Fourth Series, Bulletin 35, pages 25 and 
26, Lambom. 

Location: Section secured along Croxton Run, in the central port of Section 32, east, Knox 
Township, Jefferson County. Steubenville topographic sheet. 


Conemaugh Series: Ft. 

Limestone, greenish, fossiliferous, Ames . ... 1 

Shale, gray, arenaceous. . . 8 

Clay shale, red, Round Knob . 28 

Clay, shaly, dark, Barton . .10 

Clay, with nodules of limestone.1 f 2 

Limestone, nodular, fossiliferous./ * \ 1 

Sandstone, shaly, Cow Run .28 

Shale, arenaceous. 2 

Shale, black, with thin coal bands. 2 

Shale and covered.46 

Limestone, blue, arenaceous, fossiliferous, Cambridge . 0 

Clay shale, blue to yellow in color. 14 

Shale, black, with shaly coal, Wilg^s.. . I 

Clay, dark, arenaceous. 3 

Clay shale. 28 

Limestone, black, fossiliferous* Brush Creek . 1 

Shale, dark, fissile. 1 

Shale, bony. 1 

Shale, black, with many plant impressions . 4 

Coal, bony, Mason . 0 

Clay, dark, with iron ore nodules.... ... . 5 


In. 

9 

0 

2 

4 

6 

4 

6 

0 

0 

0 

11 

4 

10 

0 

10 

3 

10 

2 

6 

8 

0 
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R^erence: Section 1,006, Oeological Survey Ohio, Fourth Series, Bulletin 35, pages 
106-100, Lambom. 

LocaUon: Record taken in the south central part of Section 84, Ross Township, Jefferson 
County. Salineville topographic sheet. * 



Ft, 

In. 

Sandstone and arenaceous shale. 

26 

0 

Shale, dark, fossiliferous, Brush Creek... . 

17 

2 

Shale, dark, with many plant fossils .... 

3 

0 

Clay and covered, Mason horizon. 

14 

10 

Limestone, impure, ferruginous.. 

1 

2 

Clay, with limestone nodules.. ... 

15 

8 

Shale, gray to pink ... . 

... 28 

4 

Coal blossom, Mahoning _ 

2 

6 

Clay, gray, plastic.. . 

. 2 

0 

Covered. 

9 

4 

Shale, gray, arenaceous . , 

25 

10 

Shale, black, and shaly coal. Upper Freeport . 

0 

6 

Shale and covered.. 

29 

6 

Coal, not entire thickness, Lower Freeport . 

2 

0 


Reference: Section 912, Geological Survey Ohio, Fourth Series, Bulletin 35, pages 22 and 
23, Lambom. 

Location: Record taken in the ravine and along the road in the south central part of 
Section 12, Brush Creek Township, Jefferson County. Salineville topographic sheet. 


Conemaugh Series: 

Sandstone, thin bedded, Cow Run. 
Clay, blue, arenaceous .. 

Clay, yellow, Anderson horizon.. 
Shale, arenaceous. 

Sandstone, shaly. 

Shale, drab-colored, arenaceous . 
Limestone, bluish. .. 

Shale, bluish, fossiliferous. 

Shale, with thin coal bands, 

Clay, gray. 

Covered.... 


Cambridge 


Upper Brush Creek 


Shale, bluish-gray, arenaceous.. . 

Shale, black, with iron ore nodules 
Shale, black, fossiliferous . 

Limestone, black. 

Shale, black, micaceous.. 

Clay shale, dark, fossiliferous . 

Coal, bony, Brush Creek . 

Clay, bluish-gray, arenaceous.. 

Shale, bluish-gray, arenaceous.. 

Shale, sandy, fossiliferous— 

Limestone, black, ferruginous.. 

Shale, black. 

Shale, black, ferruginous, fossiliferous 
Shale, black, sparingly fossiliferous... 

Shale, black, very fossiliferous.. 

Shale, gray, arenaceous. 

Shale, black, with plant impressions, Mason coal horizon 


Lower Brush 
Creek 


Clay, bltdah’-gray, arenaceous.. 

Sandstone, heavy bedded, Upper Mahoning . 


Ft. In. 

40 0 

2 2 

3 0 

1 2 

4 7 

16 1 


. 0 1 

5 0 

. 5 4 

30 0 

5 4 

5 0 

1 2 

4 0 

7 8 

0 9 . 

..6 8 

12 10 

' 0 3 

0 3 

0 10 

0 2 

2 0 

2 2 

12 2 

.. 0 8 

..4 8 

. 9 5 
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Ft. 

Clay» bluish-gray, arenaceous. 5 

Covered. 16 

Sandstone, cross-bedded, Lower Mahoning .44 

Allegheny Series: 

Shale, black, with thin coal bands, Upper Freeport . 0 

Clay, bluish-gray, arenaceous. 4 

Sandstone. 1 

Clay, ferruginous, arenaceous. 2 

Clay shale, blue. 10 

Sandstone, heavy bedded.\ p ^ 

Sandstone, platy.. *./ ^pptr Freeport | 3^ 


In. 

0 

8 

4 

7 

0 

0 

6 

6 

0 

0 


Reference: Section 907, Geological Survey Ohio, Fourth Series, Bulletin 36, page 119, 
Lambom. 

Location: An excellent exposure of the Brush Creek beds occurs in the southern part of 
Section 13, Brush Creek Township, Jefferson County. Salineville topographic sheet. 


Limestone. 

Shale, blue, fossiliferous. 

Shale, with coal bands, Wilgus 

Clay, bluish. 

Covered.. . 

Shale, bluish gray, arenaceous. 

Shale, black, carbonaceous, with ore nodules.. 

Shale, black, arenaceous, fossiliferous. 

Limestone, black. 

Shale, black, micaceous. . 

Shale, dark, fossiliferous . 

Coal, bony, Brush*Creek. . 

Clay, bluish-gray, arenaceous . . 

Shale, bluish-gray. . 

Sandstone, dark, fossiliferous... 

Limestone, black, ferruginous... 

Shale, black. 

Shale, black, fossiliferous. 

Shale, gray, arenaceous. 

Shale, black, with plant impressions, 

Clay, bluish-gray. Mason . 


I Cambridge | 


Lower Brush Creek 


Ft. 

1 

2 

0 

6 

6 

30 

5 

6 
1 
4 
7 
0 
6 

12 

0 

0 

0 

6 

12 

0 

4 


In. 

2 

2 

1 

0 

4 

0 

4 

4 

2 

0 

8 

9 

8 

10 

3 

3 

10 

6 

2 

8 

8 


BARTON COAL HORIZON 

Throughout most of the held in Ohio, the Barton coal is overlain by sandstones and shales 
with little or no evidence of either plant or animal life. The coal is poorly developed and 
very patchy in extent. 

R^erence: Section 48, field notes, Muskingum County, Lambom. 

Location: Section along north and south road in the southeastern part of Section 14, Union 


Township, Muskingum County. Philo topographic sheet. 

Ft. In. 

Sandstone, shaly. 6 0 

Shale, gray, sandy. 10 0 

Coal blossom, Pittsburgh . 1 0 

Clay shales and covered with lumps of limestone. 2 0 

Shales and covered.31 0 

Shales, gray, sandy.36 0 

Covered. 10 0 
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Ft. In. 

Shalee, gray, Bandy. ,, 44 0 

Limestone, Ames . 0 10 

Shales, gray, sandy. 21 0 

Covered. 10 0 

Shales, with layers of shaly sandstone . 5 0 

Shales, rather siliceous.5 0 

Covered. 10 0 

Shaley bonyy black, fissile, plant fossils numerous, Barton coal 

horizon . 0 10 

Covered. .0 6 

Clay, gray, rather plastic. 4 6 


HARLEM COAL HORIZON 

The Harlem coal, lying about the middle of the Conemaugh series, is the highest coal of 
any importance in this grot^ of rocks. It is easily placed as it lies not far below the Ames 
limestone. 

Reference: Section 151, field notes, Muskingum Coimty, Stout. 

Location: Record taken along the deep ravine in the east central part of Section 28 and 
the southwestern comer of Section 27, Bluerock Township, Muskingum County. Philo topo¬ 
graphic sheet. 

Ft In. 


Shales, grayish yellow. .1 0 

Clay, limestone and covered. .. 30 0 

Shales, red, part covered, “Big Reds”. 83 0 

Sandstone, shaly. . 3 0 

Clay shale, red, part covered. 6 0 

Limestone, ferruginous, fossiliferous, Shelley. . 0 4 

Clay shales, red, part covered. 22 8 

Sandstone, calcareous, fossiliferous, Gays port. .. , 1 0 

Shales, gray. . . 21 0 

Limestone, Ames. . , . ..17 

Sandstone, shaly. 2 0 

Shale, siliceous, blue. 26 0 

Shale, dark, toith thin bone bands, plant fossils abundant . 1 0 

Coal, bony. | 0 6 

Shale, dark. \ Harlem 0 6 

Coal, good. j ^0 10 

Clay, siliceous. .... 2 0 

Sandstone, shaly, 2 0 

Shale, gray 4 0 

Shale.[ Barton j 0 3 

Coal. J [ 0 2 

Clay shales. 2 0 

Sandstone, shaly. . 3 0 

Shales, gray. 8 0 

Shales, blacky with thin coal bands. 2 0 

Clay, very siliceous. 1 6 

Sandstone, with ore nodules. 3 0 


R^ermice: Section 1,134, Geological Survey Ohio, Fourth Series, Bulletin 35, page 138, 

/ Lambom. 

Location: The different members of the Pennsylvanian system from the Wilgus coal hori¬ 
zon to the Pittsburgh sandstone are shown along the tributary of Wells Run which beads near 
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Altamont Park in Section 28, Steubenville Township, Jefferson County, where the following 


section was measured. Steubenville topographic sheet. 

Ft. In. 

Sandstone, coarse, friable, Pittsburgh .24 0 

Shale, gray, arenaceous. 2 6 

Coal blossom, 3 0 

Shale and covered. .... 20 8 

Clay, light, plastic. 5 0 

Shale, gray, arenaceous. .51 8 

Clay, calcareous. . . . 5 0 

Limestoxu, light, Clarksburg. ... .0 8 

Clay, greenish-gray. . , 2 0 

Shale, calcareous, arenac^us. .3 2 

Shale, mottled. . .. 21 0 

Shale and covered.25 10 

Sandstone, Morgantown .27 0 

Limestone, Amts . 1 0 

Shale and covered. .23 10 

SkaUt black, with plant impressions .0 2 

Coal, Harlem . 1 6 

Clay and covered.5 0 

Sandstone, shale and covered. 51 6 

Shale, gray, arenaceous. 20 0 

Shale, with nodules of very ferruginous, calcareous, fossilifer- 

ous limestone, Cambridge . 2 0 

Coal smut, WUgus . 0 1 

Clay, red to green. 10 0 


UPPER PART OF THE CONEMAUGH SERIES 

In Ohio the interval from the Ames limestone to the Pittsburgh coal varies from 155 feet 
in Meigs County to 220 feet in Jefferson County. In general the formations in this section are 
extremely variable and locally wanting. The replacement may be 50 to 100 feet of clay shales, 
red in color and soft and structureless in character. These are known collectively to the 
geologist and driller as the **Big Reds." Such deposits in some areas appear to yield silicified 
wood and in others they contain many nodules of hematite, a ftw of which will yield well 
preserved plant remains. 

SILIClPlfiD WOOD 

Silicified wood in the red shales above the Ames limestone is abundant along the streams 
in Morgan Townshio, Gallia County. 

"Near the head of Middle Branch of Shade River, in Section I, Athens Township, Athens 
County, many specimens of silicified wood were seen in the bed of the creek, and many fine 
museum specimens have been taken from this locality. No blocks were seen in place in the 
hills, but it is probable that they have weathered out from shales lying a little higher (?] than 
the Pittsburgh coal."^ 

"Specimens of silicified wood are common in the hills of this region, (northwestern Homer 
Township, Morgan County) but none was seen in place. Loose blocks were found well up in 
the hills, and it is probable that they have wea^iered from shale lying a little above the Ames 
limestone."* 


‘Geological Survey Ohio, Fourth Series, Bulletin 17, pages 111^120. 
*Geolo^cal Survey Ohio, Fourth Series, Bulletin 17, page 140. 
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HEMATITE NODULES 

Hematite can be found in some quantity in most of the streams in eastern Athens^ eastern 
Perry, and western Morgan Counties. In some areas there are only a few scattered nodules; 
in others it is so thick that from one to two pounds may be picked from a square foot of surface. 
Some favorable places are: on the headwaters of Bryson Run, Section 36, Ames Township, 
Athens County; another is near Sayre in Bearfield Township, Perry County; and near Ring- 
gold in Union Township, Morgan County. Similar deposits are found in eastern Lawrence 
and western Gallia Counties. Only a few of the nodules contain plant fossils. The plant 
fragments, however, are exceptionally well preserved. 


MONONGAHELA SERIES 

The Monongahela series, averaging about 246 feet in thickness, is made up largely of fresh¬ 
water limestones, calcareous shales, and sandstones. It contains seven coal beds some of 
which, Pittsburgh, Pomeroy, and Meigs Creek, are of great economic importance. The period 
was thus of organic origin and in some of the strata much evidence of the plant life prevails. 
Only a few of the better localities will be considered. 


PITTSBURGH COAL HORIZON 

In Ohio the Pittsburgh is a well marked horizon from Jefferson County on the north to 
Lawrence County on the south. The chief productive fields are the Eastern Ohio field in 
Jefferson, Harrison, Belmont, Monroe, and Guernsey Counties, the Federal Creek field in 
Athens and Morgan Counties, and the Swan Creek field in Gallia County. The roof shales in 
many mines bear some plant fossils. 

Reference: Section 810, field notes, Athens County, Stout. 

Locaiion: Up the Marietta road at the Sharpsburg Hill, northeast Section 29, Berne Town¬ 


ship, Athens County. Chesterhill topographic sheet. 

Ft. In. 

Sandstone, shaly. 2 0 

Shale, siliceoxis, gray, . . ... 10 

Coal, shaly, LUtle Wayneshurg. , , 0 2 

Clay, calcareous, grainy, gray to pink, parts marly. 10 9 

Sandstone and shale, gray. ... ^ . .. 22 1 

Limestone, nodular, pinkish. 0 8 

Shale, pink, calcareous, parts gray. 22 1 

Sandstone, shaly, gray. — 2 0 

Shale, pink, sandy. .2 0 

Coal smut, .. . 0 

Shale, pink to gray, calcareous, parts marly. 21 0 

Shale and shaly sandstone. 10 0 

Shale, pink. 2 6 

Coal smut, . .... .0 6}^ 

Shales, calcareous. 10 6 

Limestones and calcareous shales, Amoldsburg-Benwood . 48 0 

Sandstone, massive, irregular, Upper Sewickley . 6 2 

Shale, gray, siliceous. 3 4 

Coal smut, Afeigs Creek . 0 OJi 

Shale, calcareous, bltw to buff. 8 8 

Shale, gray, ports very sandy. 9 4 

Clay, dark,, smutty, Fishpot coal horizon. 0 2 

Clay shale, dark. 1 0 

Limestone, thin to massive, with thin shale partings. 7 0 

Shala, pixdc,.mariy... .. 19 6 

Limestone, sandy, yellowish. 1 10 
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Ft. 

Shale* calcareous* gray to green to pink* marly with thin lime¬ 
stone layers. 22 

Shale and shaly sandstone*. .15 

ShaUt with plant fossils, roof of coal . 1 

5 
0 
3 


Coal* good. 
Clay* soft* gray. 
Coal* good... . 


Piltshurgh, 
mine of Bckard and Day, 
elevation 215 feet 


In. 

2 

4 

0 

4 

11 

0 


R^erence: Section 812* field notes, Athens County* Stout. 

Location: Mine of L. E. Harris on the G. W. Selby land* northeast Section 30, Berne Town¬ 
ship, Athens County. Chesterhill topographic sheet. 

Ft. In. 


Sandstone, massive, Upper Pittsburgh. 

Shale, dark, with plant fossils . 

Coal* with thin partings. .. 

Shale, with pyrite. 

Coal* good. . 

Shale, hard, bony. 

Coal, good. 

Clay, gray, soft. 

Coal, good. 


Pittsburgh 


20 

1 

3 

0 

0 

0 

0 

1 

3 


0 

5 

0 

OH 

1 

11 

4H 

2H 

9 


Throughout most of the Federal Creek field the roof of the Pittsburgh coal yields plant 
fossils in fair abundance and with good detail. 


R^erence: Section 299, Geological Survey Ohio, Volume 1* page 298. 

Location: In Section 34, Homer Township, Morgan County, on land of Mr. Bishop, the 
following section was taken (coal near top of high knob). New Lexington topographic sheet. 


Ft. In. 

Limestone* buff... 

Covered. 

Coal. 

Clay, with coal plants. 

Coal. 

Covered.,. . 

Limestone, Ames ,. 


. 27 0 

[ 3 0 

Pittsburgh < 1 0 

I 4 0 

.142 0 

2 6 


Reference: Section 298, Geological Survey Ohio, Volume 1, page 298. 

LocaUon: The following section of the (Pittsburgh) coal was taken on the land of J. Stinch- 
comb, Section 29, Homer Township, Morgan County. (This coal lies close to the top of the 
high ridge). New Lexington topographic sheet. 

Ft. In. 


Limestone, buff. 

Covered. 

Sandstone, Upper Pittsburgh, 

Shale, with coal plants . 

Coal. 

Clay. 

Coal. 

Covered. 

Limestone* Ames . 


Pittsburgh 


1 

12 

6 

10 

4 

1 

4 

143 

2 


0 

0 

0 

0 

2 

0 

0 

0 

0 


R^erence: Section 13, Washington County, Thesis, 1936, John C. Frye, State University* 
Iowa. 

LocaUon: On Cat Creek, about one mile southwest of the Noble-Washington County line, 
north of the stream* in the northeastera part of Adams Township* Washington County, the 
following rocks were exposed. Macksbutg topographic sheet. 
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Feet 

Coal, Meigs Creek . 2.0 

Shale, gray, carbonaceous. .4.0 

Covered. 35.4 

Limestone, gray. ., . 0.8 

Sandstone, fine grained, gray. .... 35 

Shale, calcareous, gray, fissile. ... 3.8 

Limestone, gray. .0.2 

Shale, calcareous. . 1.0 

Shale and limestoxie, gray. ... 3,5 

Shale and covered. 2.6 

Shale, calcareous, gray, black and red. . 1,5 

Sandstone, gray, fine grained. ... 19.0 

Covered. . 5.5 

Shale, gray, calcareous.. . ... 0 9 

Shale, carbonaceous.0.08 

Shale, very calcareous. The following plants collected: Pecopteris, 

several species; Neuropteris; Odontopteris; Equistides?. 2.1 

Shale and covered... ... . 8.0 

Coal, Pittsburgh . . 0.2 

Limestone, black, shaly. 0 9 

Base of section in Cat Run at an elevation of 780 feet. 


REDSTONE OR POMEROY CX>AL HORIZON 

The Redstone or Pomeroy coal is widely distributed in Ohio but the field of economic 
importance is confined to southern Meigs and eastern Gallia Counties. In many localities the 
roof shales of this coal contain plant fossils in a fair state of preservation. 

e 

Reference: First Annual Report on the Geological Survey of Ohio, 1838, report of Dr. S. P. 
Hildreth, pages 42 and 43. Fossils which accompany *The Pomeroy Coal Bed'* [Redstone]. 

Location: At Pomeroy, Meigs County. 

"In the shale beds, which generally form the roof to' this coal, we find innumerable casts 
and impressions of the foliage and stems of various coal plants, of which have been collected 
more than twenty species. Amongst them may be recognized of the Equisetaceae^ the Od- 
amites and Equiseteum of Filices, the Sphenopteris^ Glossopteris, Neuropteris^ Pecopteris^ etc. 
The Lycopodiaceae, such as Lepidodendron^ Sigitlariat etc., are rare in this deposit, but are 
common in the earlier formed beds. The most interesting feature of the rocks connected with 
this coal, is the great abundance of fossilized stems and branches of trees, that are found to 
accompany the coarse sandrocks which lie over the coal, in several localities which have been 
visited. So few quarries, or excavations, have been yet opened in this rock, that we can only 
discover them in beds of streams, or situations where the rock has crumbled away by natural 
causes." 

Reference: Section 253, Geological Survey Ohio, Volume 1, page 253. 

Location: A section at Pomeroy shows the following strata. Pomeroy topographic sheet. 


Ft. In. 

Shale. 6 0 

Sandstone, laminated. 6 0 

Clay shale...;. 10 0 

Sandstone. 16 0 

Not exposed in detail. ..31 0 

Shale, red... 6 0 

Sandstone, compact. 9 0 

Shale. 18 0 

Sandstone, heavy, {Pomeroy) . 64 0 

Skale^ saniy, with coal plants . 9 0 
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Ft. 


Coal, top.1 


[ 1 

Shale. 

1 Pomeroy or Redstone - 

0 

Coal . 


1 4 

Shale, bituminous, with streaks of coal . 

.. 1 

Clay . 


1 

Sandstone . 


. 8 

Shale. .... 

, . 

.. 6 

Sandstone . 

,.. . .. . ,.. 

. 2 

Shale.. . . • . 

Pittsburgh coal not far below. 


. 14 


In. 

0 

2 

0 

2 

0 

0 

0 

0 

0 


Reference: Section 254, Geologig^l Survey Ohio, Volume 1, page 254. 

Location: At Coalport (midway between Pomeroy and Middleport) we find the coal (Pom¬ 
eroy) and its associated strata as follows. Pomeroy topographic sheet. 


Sandstone, heavy, not measiued. 


Ft. 

In 

^ude^ ferruzinouSt containinz coal plants . 


15 

0 

Shale, bituminous. 


0 

8 

Coal.1 

Pomeroy or 

/ I 

6 

Coal. j 

Redstone 

1 « 

7 

Underclay and shale. 


. 6 

0 


Reference: Section 250, Geological Survey Ohio^ Volume 1, page 250. 

Location: At the Wells bank, a mile east of Pagetown, in the southeastern part of Section 
17, Scipio Township, Meigs County, the following measurements were made. Pomeroy topo¬ 
graphic sheet. 

Sandrock, seen.20 0 


Sh(de, with coal plmts . 4 0 

Coal, {Pomeroy or . 3 0 


Reference: First Annual Report on the Geological Survey of Ohio, 1838, Report of Dr. S. 
P. Hildreth, page 43. 

Locations: Branches of Federal Creek, (Morgan and Athens Counties), Leading Creek 
(western Meigs County), Cam^ign Creek (northern Gallia County), head of Shale River, 
Lodi Township, Athens County. 

^'Fragments of fossilised trees are seen in several of the branches of Federal Creek; the 
beds of Campaign and Leading Creek, but more abundantly in the heads of Shade River, 
Township of Lodi, Athens County. The extreme northerly branch of this river, rises in that 
high ridge of land south of Athens, before noticed, and not more than a mile from the Hock- 
hocking River. About three miles south, this branch becomes a rivulet of ten or twelve feet 
in width. In the bed of this rivulet, and also in one which heads with it, and puts into the 
Hockfapcking, are found numerous tabular, oval masses of siliceous composition. They are 
from 4 to 10 inches in thickness, and from 2 to 3 feet in diameter, with others that are smaller. 
One of the sides is almost invariably concave, or depressed in the center, and the opposite one 
plane or slightly convex. They are evidently petrificationa of some vegetable substance, as 
the traces of the fibrous structure is very apparent in all the specimens. The form of these 
masses very much resembles that the ba^ of the Stizmaria ficoides, with the branches all 
broken off. They are composed of the hardest silicious matter, of a reddish, gray color. . . . 
Isolated masses are scattered along the bed of the branch for more than a mile, the bottom of 
which is composed of a slaty sand-rock, deposited in thin layers, hig^hly inclined, imd of slight 
coherence. No specimens were fcnmd in place, but they were doubtless originally imbedded 
in a coarse sand-rock, which lies over the coal. This opinion is stren^eoed by the fact that 
portions of the trunks and roots of the fossil trees fo^ lower doM the britnch, are often 
ploughed up in the fieldi, on the hill sides, 50 to 80 feet above the bad. A few miles lower 
down, and six and a half miles from Athens, the bede Ol ieveral small strbame, all tributaries 
of Shade, and rising ovei- a space of 8 or' 10 squafie miles of suffioei are found ktfewed with 
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the se^ents of trunks of fossil trees, var3rmg in diameter from a few inches to 18 or 20 inches. 
The larger sections are generally perforated by a circular opening near the center, from 1 to 4 
or 5 inches in diameter. The regular shape of the pieces, resembling transverse sections of a 
log of wood, seems to be the result of a peculiar mineral organization, disposing the fragments 
to assume a cubic form, had the exterior of the fossil been square instead of circular. The 
ligneous structure of the original tree was coarse, very distmct, and highly vascular; it is now 
replaced by silex, in many specimens beautifully agatized. Some of the pieces are filled with 
perforations, the size of a quill, and larger, which seem to have been made by a worm. This 
most probably was done by an ancient Teredo, after the trees were tom up, and floated down 
some river to the ocean. Fragments, three to four feet in length, are the longest yet discov¬ 
ered. The quantity of specimens is so great that we might be led to suppose a whole forest 
had originally been entombed in this place, covered with beds of a highly silicious quality, 
and consolidated into sand-rock. These rocks being less dense and compact than the fossilized 
wood, have, in the course of ages, crumbled into soil, and left the imbedded trees to fall out 
in fragments, and gradually wash down the slopes of the hills into the beds of the streams, 
where they are now found. As the age of this rock is long anterior to the Tertiary, these fossil 
remains are not likely to be allied to any living species of tree which now vegetates in the 
forests of Ohio. It most probably belongs to the tribe of Gymosperma, of Lindley; a race of 
plants whose seeds are naked or formed without a pericarpium, or envelope. From the great 
vascularity of the trunk, and the fact of the fragments almost entirely composed of the shafts 
of the trees, with few or no branches, we are led to conclude, they may be attached to the 
order Cycadea, the woody fibre of which is very similar in structure to the coniferae, or pine 
race, and which are only found in some of the more recent coal deposits.” 

Reference: Section 286, Geological Survey Ohio, Volume I, pages 287-288. 

LocaHon: The following is a section obtained on the land of Philip Haning in Section 32, 


Lodi Township, Athens County. Pomeroy topographic sheet. 

Sandstone, seen, Pomeroy . 25 0 

Sandstone, unevenly bedded, showing part of a trunk of a 

silicified tree in place.. ... . 5 0 

SMe, blue, with coal plants ..50 

Coal, reported, Pomeroy or Redstone ... .1 6 

Shale, with nodules of limestone. .. . ... 25 0 

Coal, Pittsburgh, . ... .... 8 0 

Shale and clay. .... .12 0 


“The above section is of great interest as showing the position of one of the trunks of 
petrified wood. These trunks are very often found on the upper branches of Shade River, lying 
in the bed of the stream. 

“Great quantities, even tons, of specimens of silicified wood from Shade River, have been 
obtained to enrich cabinets in various parts of the country. No very minute investigation has 
as yet [1873] been made of the samples so far as I know. Mr. Leo Lesquereux is now engaged in 
the study of them, and it is believed that his results will be interesting and valuable. There 
are doubtless many different kinds of wood, and when specimens are properly prepared for 
microscopic investigation, the structural differences will be still more apparent. Mr. 
Lesquereux believes that the fragments of trunks are found in the shales between the two coals 
[Pittsburgh and Pomeroy], as well as in the sandstone above the upper coal (Pomeroy] where 
I [Andrews] fotmd them. Prom repeated visits to this region, I am led to believe that the 
trees, after drifting about and many of them partly rotting away, were buried in the sand, and 
while thus buried, were slowly changed into silex from silica derived, probably, from the sand 
of the sandrock. The portion of a trunk seen in place on the Haning farm, had more than half 
rotted away before it was silicified. It lies in the sandrock in a horizontal position, and the 
false bedding of the sandrock around it indicates the rolling of waves upon a sandy beach. 

' *Oiie of the most interesting of the Shade River petrifications is a peculiar disc, often three 
or four feet in diameter, composed of a mass of flattened rootlets, resembling somewhat those 
of SHgmaria, These rootlets radiate from a common center, and evidently grew in a dense 
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bunch arotmd the Psaronius tree. The tree, however, is generally gone, either leaving a cavity 
in the center of the disc, or a depression upon both the upper and under sides. Many years ago, 
I [Andrews] found one of these discs, showing the remains of a central trunk. The tree had 
fallen and evidently pressed upon one side of the mass of rootlets, and had in that position 
partly rotted away before the whole had become silicified." 


MEIGS CHEEK OR SEWICKLBY COAL HORIZON 

The main field of the Meigs Creek coal extends from the Muskingum River in Morgan 
County to Short Creek in southern Jefferson County. Locally the overlying shales bear some 
plant fossils and in a few places they contain much fine material. 


Reference: Section 11, Thesis, 4936, John C. Frye, State University of Iowa. 

Location: Section measured on west side of Big Run, one and one^fourth miles south of 
the mouth of Straight Run in western Adams Township, Washington County. Caldwell topo- 


graphic sheet. 

Shales, mostly covered_ ... . 27.5 

^‘Sandstone and covered. 22.0 

San^tone, ferruginous, dark brown. 0 9 

Sandstone, gray, with shale partings. 5.6 

Shale, red, partly covered. ... 7.7 

Sandstone_ .5.0 

Shale, mostly covered. 15.2 

Covered. ., 20 0 

Sandstone, fine grained, gray. 7 5 

Covered. 3 0 

Shale, red. . . ,, . 8 0 

Shale, gray. ... .23 

Sandstone, fine grained, gray. 1 7 

Shale, fissile, red and gray. 7,7 

Covered. 66 0 

Limestones. 2 3 

Shale, micaceous, dark green. 7,5 

Sandstone, tan, Upper Sewickley .21,5 

Shale, dark gray, upper part fissile, contains Calliptoridium?, Neu- 
ropteris, Nematopkyllum^ OdoniopteriSt PecopteriSy Shtnophyllum. 3.0 

Coal. 1 Meigs \ 0.9 

Shale, dark gray. ./ Creek j 1.1 

Coal.1,6 

Covered. 1.3 

Shale, gray and tan. 5.0 


Reference: Section 661, field notes, Noble County, Stout. 

Location: Record located on the East Fork of Duck Creek, one and one^half miles north¬ 
east of Lower Salem, south of the stream, near the southwest comer of Section 36 (in part), 
Salem Township, Noble County, at the coal mine of A. H. Ullman. The record taken is given 
below. Macksburg topographic sheet. * 


Sandstone, massive, Upper Sewickley .20 

Shaley calcareous y with many plant fossils . 1 





' Meigs Creek 





Coal, good. 

Shale, gray, 

Coal, fair... 

Clay shale.. 

Coal, good. 

Covered. 

Road level, elevation 730 feet. 


2 

0 

0 

1 

3 

73 


0 

1 

1 

0 

m 

1 

1 

m 

0 
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Permian System 

In Ohio the Permian system of rocks extends in a narrow belt along the Ohio 
River from Jefferson County on the north to Meigs County on the south. The 
total area is close to 1,830 square miles and the maximum thickness about 626 
feet. The system is divided into two major divisions, Washington and Greene 
series, and these are further subdivided into many members. The rocks of the 
Permian system, in Ohio, consist largely of shales, sandstones and freshwater 
limestones. While coal beds are present and about normally spaced they are 
usually impure and in some cases mere soot streaks of organic matter. As so far 
examined the fossil plants are confined to the lower or Washington series. 

THE WASHINGTON FORMATION^ 

"As indicated elsewhere, the Washington formation begins with the Cassville shale and 
ends with the Upper Washington limestone or the horizon of the Jolly town "A" coal. This 
formation, in general, is not very prolific in fossils. It has, however, a better preservation 
of the Dunkard life than is to be found in the overlying beds. Plants are the most abundant 
fossils in the Dunkard series. At certain horizons the shales are crowded with plant remains 
in various stages of preservation. In West Virginia and Pennsylvania, William M. Fontaine 
and I. C. White found 107 different species of fossil plants in the Cassville shale. Fragments 
of many of these are to be found in the shales of the same horizon in Ohio. 

"The shales of the Washington formation often contain fossil plants. These are usually 
more abundant in the beds associated with the coal. Most, probably all, of these plants have 


been found in correlative beds of Pennsylvania and West Virginia. 

"The following list represents the more important ones found in Ohio. 

Pecopteris imbricata, Fontaine and White 

Cassville shale, Paines Run, near Cameron , . (1) 

Pecopteris dentaia (Bat) 

Cassville shale, Paines Run, near Cameron (2) 

Pecopteris heeruina, Fontaine and White 

Cassville shale, Fames Run, near Cameron (3) 

Pecopteris subfalcata, Fontaine and White j 

Cassville shale, Clarington [appears to be Union town] . , . (4) 

Pecopteris tenuinervis, Fontaine and White 

Cassville shale, Becket Station, also in shales above the Waynesburg A' coal (6) 

Neuropteris flexuosa longifolia, Fontaine and White 

Cassville shale, Clarington [appears to be Union town] . (6) 

Neuropteris sp. 

Washington coal, Crabapple. .(7) 

Callipteridium grandifoliumt Fontaine and White 

Cassville shale, Clarington [appears to be Union town] . (8) 

Collipteridium sp. 

Cassville shale, Paines Run, near Cameron. . (9) 

CalUpteris sp. 

Cassville shale, Vallonia. . . . ... .(10) 

tkllipteriddum dawsonianum, Fontaine and White 

Cassville shale, Paines Run, near Cameron. . .(11) 

Rhacophyllum fUiciforme majus^ Fontaine and White 

Cassville shale, Paines Run, near Cameron. . .. (12) 

Alithopleris virginiana, Fontaine and White 

Cassville shale, Paines Run, near Cameron. .. (13) 

Sphenophyllunt latifolium? Fontaine and White 

Upper shales of Washington formation, Tuntiel Station ., ... .. (14) 


*Geological Survey Ohio, Fourth Series, Bulletin 22, pages 141, 142-143. 
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BaUra virginiana, Fontaine and White 

Waahinsfton coalt Crabapple. (15) 

Sigillaria sp. 

Washington coali Crabapple. (16) 

Spore cases 

Washington coal* Crabapple. (17) 

Rkacophyllum filiciforme 

S^les above Waynesburg 'A* coal, Clarington. .(18) 

Annularia sp. 

Shales above Waynesburg *A' goal, Clarington. , (10) 

Cordaites sp. 

Shales above Waynesburg *A' coal, Clarington. (20) 

Calamocladus sp. 

Shales above Waynesburg ‘A’ coal, Clarington. (21)'* 


FAINBS RUN LOCALITJBS 


Paines Rux^ is located north of Cameron in southwestern Switzerland, northeast Adams and 
west central Salem Townships, Monroe County. The horizon of the Cassville shale is about 
840 feet at the mouth of the stream and 885 feet in the northern part of Section 15, Switzerland 
Township, where it passes below drainage. Three sections are given below: 

Reference: Section 424, field notes, Monroe County, Stout. 

Location: In hollow west of the stream in the northeast part of Section 14, Adams Town¬ 
ship, Monroe County, the following strata were exposed. Clarington topographic sheet. 

Ft. In. 


Shale, gray. 

Limestone, blue, hard. 

Limestone, blue, hard. 

Limestone, blue, nodular.. 

Shale, blue . /. 

Limestone, blue, hard.. 

Shale, gray, with fossils, CassvUle. 

Covered. 

Shale, gray, siliceous... 


Elm Grove 


Shale, bony, dark.., 
Coal, good. 


Uniontown, not full thickness, 
elevation 790 feet 


■'{ 


2 

0 

0 

0 

0 

1 

7 

37 

13 

0 

1 


3 

8 

7 

3 

1 

2 . 

0 

7 
0 
2 

8 


Reference: Section 422, field notes, Monroe (bounty, Stout. 

Location: On Paines Run east of the stream, north of the center of Section 16, Switzerland 
Township, Monroe County. Clarington topographic she^t. The record taken is given below: 

Ft. In. 


Shale, gray to dark. 

Limestone, hard, blue, blocky. 

Limestone, hard, blue, blocky... . 

Shale, dark. . 

Limestone, three layers. 

Shale, dark, soft, plant remains, Cossville . 

Shale, dark, carbonaceous. . 

Shale, carbonaceous, hard, bony. 

Coal, rough, Waynesburg, elevation 880 feet. 

Shale, bony.,. 

Clay shale, blue to gray. 

Shale, blue, with ore nodules and thin sandstone layers. 


Elm Grove 


10 

0 

1 

0 

0 

8 

0 

0 

0 

0 

5 

4 


0 

7 
9 
6 

11 

5 

3 

1 

10 

9 

8 


Rtference: Section 421, field notes, Monroe County, Stout. 

Location: In bed of stream near line of Section and Section 16, Switzerland Township, 
Monroe County. Clarington topographic sheet. The record follows: 
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LimeBtone^ blue, blocky. 
Limestone, blue, blocky. 
Shale, blue 
Clay shale, dark. .. 

Clay shale, bluish gray. 

Shale, coaly. 

Coal, bony. 

Coal, good 
Clay, impure 


Elm Grove 


Cassville 


Waynesburg 


CLARIHGtON UX:ALmES 

In this locality the Cassville shale is found at an elevation close to 700 feet and the 
Waynesburg “A"' coal at 760 feet. 

Reference: Section 154, field notes, Monroe County, Stout. 

Location: Up the ravine at the west end of the bridge at Clarington, northwest comer 
Section 24 and the northeast comer of Section 80, Salem Township, Monroe County, the fol¬ 
lowing beds were measured. Clarington topographic sheet. 

Washington series, Permian system: Ft. In. 

Coal prospect, Washington. ... 3 0 

Shales, gray, parts covered. ... .28 0 

Coal smut, Little Washington, .0 1 

Clay shale, dark. . ... 2 11 

Sandstone, shaly. 8 0 

Shales, gray, mainly siliceous. 29 4 

Coal prospect and covered, Waynesburg “A".. 6 4 

Limestone, hard, dark 1 2 

Covered. 5 2 

Shale and shaly sandstone. 16 0 

Sandstone, shaly.. 7 0 

Covered, Cassmlle shales here ! . *10 8 

Monongahela senes, Pennsylvanian system: 

Coal, bony, and shale, dark, Waynesburg. . 0 6 

Shale, gray, and sandstone, shaly. ,18 4 

Soot streak. 0 1 

Clay shale, dark. . , 3 0 

Shale, gray, parts very sandy. 7 5 

Shale, dark, argillaceous... 1 0 

Coal, shaly, L%Hle Waynesburg. 0 3 

. Clay shale, calcareous, dark. 7 9 

Shale and shaly sandstone, gray. .18 0 

Shale, gray, siliceous, with plant fossils . 7 0 

Coal, good ... . I [ 1 


Coal, shaly. . 

Shale, coaly., [ f 

Shale, gray. . .. 

Coal, fair. ,, 

Shale, gray, calcareous. 'll 

Limestone, irregular./ 

Shale, gray, very siliceous. 

Sandstone, shaly, AmoUshurg. . ... . 

Shales, gray to pink. 

Shale, dark. . 

Limestone, shaly. V 

Limestone, hard, light.... > / 

End of bridge, elevation 620 feet approximately. 


Uniontown 


Uniontown 


Amoldsburg 
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Reference: Section 162, field notes, Monroe County, Stout. 

Location: Section taken along the road that leads from Stillhouse Run, near its mouth, 
to the ridge north, in the northeastern part of Section 20, Salem Township, Monroe County. 
Clarii^ton topographic sheet. 

Ft. In. 


Coal blossom, Washington . 3 0 

Shales and covered. II 6 

Sandstone, massive. [ 18 0 

Shale, gray. Manningtan ] 4 0 

Sandstone, massive. . . . j [ 10 0 

Shales, gray. .13 0 

Clay shale, dark. r.1 0 

Coal, weathered, shaly, IKoywsrfttffg “il”. 4 0 

Shales, parts covered. .29 0 

Sandstone, shaly. .10 0 

ShalCf gray, Cassvtlle . ... 8 0 

^Shale, dark, Waynesburg coal horizon. .1 0 

Shales and shaly sandstone.11 4 

Shale, dark. 0 8 

Shale, gray.6 0 

Sandstone, shaly. 2 0 

Shale, part calcareous., 6 0 

Covered. 22 6 

Sandstone, shaly. ... ... 2 6 

Shale, gray. ... .. 6 10 

Sapdstone, shaly. ... ..... 1 2 

Shale, gray, plant fossils . .3 10 

Coal, weathered, Uniontown . ... 3 2 

Shale, gray. . .» .12 6 

Sandstone, massive 1 6 

Shale, gray, siliceous . 3 4 

Limestone and calcareous shale. 1 6 

Limestone, hard, light. 0 10 

Shale, calcareous, with limestone nodules. 1 6 

Limestone, hard, light.1 6 

Valley floor, elevation 050 feet. ... 


VALLONIA LOCAUTY 

Along Weegee Creek in the vicinity of Vallonia the Cassville shales are found at an eleva¬ 
tion close to 960 feet. The Cassville shale is overlain by the Elm Grove limestone and under¬ 
lain by the Waynesburg coal. 

Reference: Section 31, field notes. Belmont County, Stout. 

Locaiim: Record taken at Vallonia, along Weegee Creek, south of the center of Section 
14, Mead Township, Belmont County. St. Clairsville topographic sheet. 


Ft. In. 

Shale, dark, carbonaceous. 2 0 

Limestone, Elm Grove . 1 10 

Shale, gray, siliceous, Cassville . .4 6 

Coal blossom, Waynesburg . .1 0 

Shales, gray, part sandy. .11 6 

Coal, shaly, Liitle Waynesburg, elevation 938 feet. ... 0 3>S 

Shale, light. 0 3 

Limestones, massive. ... 3 4 

Limestones, calcareous shales az^d covered. 11 4 

Sandstone, hard, blue, calcareous. 2 0 
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BBCKBT STATION LOCALITY 

In this locality the Cagsville shales are present at an elevation of 1,060 feet. In area 
both the associated Elm Grove limestone and the Wa 3 mesburg coal are psresent in good devel¬ 
opment and act as benches of reference. 


R^erence: Section 117, held notes, Belmont County, Stout. 

Location: Section taken at the trestle of the Ohio River and Western Railroad (aban¬ 
doned) along Rocky Fork, in the northeastern part of Section 12, Washington Township, 
Belmont County. Clarington topographic sheet. 


Limestone, hard, dark . . ] 

Shale, gray. } Elm Grove 

Limestone, dark, very siliceous. J 

Shalet siliceous, dark, with plant fossils, Cassville. 

Sandstone, shaly. 

Shale, siliceous. 

Sandstone, micaceous.. 

Shale, coaly. 

Coal, good, Waynesburg.. 

Shale, gray. 

Sandstone, shaly. ... 


CRABAFPLE LOCALITY 

North of Crabapple the Waynesburg coal is mined in a small way. It is present at an 
elevation of 910 feet and the Washington coal lies approximately 100 feet higher. 

Reference: Section 70, Geological Survey Ohio, Fourth Series, Bulletin 22, page 70. 
Location: Section located north of Crabapple in the north-central part of Section 26, 
Washington Township, Belmont County. Clarington topographic sheet. 

Ft. In. 


Sandstone, laminated, micaceous, gray, Lower Martella. 16 0 

Shales, red and gray, argillaceous, with plant fossils.. 19 3 

Coal and shale, Washington. . 3 5 

Covered. 26 8 

Shale, argillaceous, blue, with sandy nodules. , , , 10 8 

Covered. ,14 0 

Limestone, dark. 0 6 

Shale, black, carbonaceous, and some coal. At some places 
this coaly portion thickens to a foot and has been mined, 

Waynesburg 1 10 

Limestone, blue-gray, hard.., 0 10 

Limestone, dark-gray, impure.. - . . 1 1 

Shale, dark-gray. 1 6 

Limestone, gray to yellow. ... ... .3 3 

Sandstone, massive, gray. ... 4 7 

Shale, gray. 7 6 

Limestone, gray, with an irregular base. 1 6 

Shale, soft, gray, with calcareous nodules and black carbon¬ 
aceous streaks at base. 4 6 

Shale, gray, contorted, nodular, sandy, micaceous. 5 4 

Sandstone, gi^ay, shaly, micaceous. 2 6 

Shale, gray, arenacetms, containing plant remains . 4 5 

Shale, gray, arenaceous. 0 5 

Sandstone, gray, arenaceous. 0 6 

Shale, blue, ar^llaoeous, rather soft. 2 0 

Coal and carbonaceous shale, a small country mine, Waynes¬ 
burg . 3 8 
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TUNNEL STATION IXtCAUTY 

Rtference: Section 190, Geological Survey Ohio, Fourth Series, Bulletin 22, pages 130-181. 

LocaH<m: Tunnel Station, on the Marietta, Colucnbus and Cleveland Railway, (aban¬ 

doned) some very good outcrops of small portions of the Dunkard, (upper Washington Series) 
are to be seen. The grindstone quarries at this place are probably in the Jollytown sandstone, 
although it may possibly be Hundred in age. Combined section of quarry and tunnel cut on 
the Marietta, Columbus and Cleveland Railway, near the head of Browns Run, southwest 
Section 16, Warren Township, Washington County. Parkersburg topographic sheet. 

Ft. In. 


Shales, red and gray, argillaceous, to the top of the Cleveland 

Stone Company’s Quarry on Charles Treachel’s land , 4 0 

Shale, gray, arenaceous. 10 8 

Sandstone, gray, micaceous, rather massive. This is the rock 

used for grindstones. Jollytown? sandstone. ... 16 0 

povered interval to bottom of quarry. ... 24 4 

Sandstone, gray, micaceous, laminated 1 0 

Shale, red and gray, arenaceous. 6 0 

Covered interval with some weathered red shale exposed ... 17 4 

Shale, red, argillaceous, to top of tunnel cut. 6 0 

Sandstone, calcareous, shaly, greenish-gray 2 0 

Shales, red to greenish-gray. ... .6 4 

Sandstone, micaceous, shaly, greenish-gray. .30 

Shale, arenaceous, gray, nodular. 0 6 

Shale, red, with streaks of gray. 0 8 

Shale, greenish-gray with streaks of red. 1 2 

Sandstone, micaceous, nodular. 0 3 

Shales, red and gray, with nodules. 0 9 

Shale, red, argillaceous, containing iron nodules. 11 3 

Sandstone, coarse, bluish to greenish-gray, laminated, this 
extends to the level of the track at the upper end of the 
tunnel. 7 2 


WAYNBSeURG COAL HORIZON 

Locally the Wa 3 mesburg coal is much broken by shale partings, that is, it consists of thin 
beds of coal in carbonaceous shales which may contain plant fossils. 

Reference: Section 28, Thesis, 1936, John C. Frye, State University of Iowa. 

Locaiian: A section was measured Mp the creek bed and road cut from the road intersec¬ 
tion, elevation 667 feet, 1.5 miles north of Watertown, Watertown Township, Washington 


County. Parkersburg topographic sheet. 

Feet 

Cover to tx>p of hill.4.0 

Sandstone, medium grained, buff, Lower Marietta .88.0 

Shale, gray and tan. . . , .2.7 

Clay. 0.5 

Coal. .1 f O.W 


Clay.> WarAmg/ce < 0.6 

Coal, shaly.) [ 0.4 


Shale, maroon, partly covered.2.8 

Clay shale, red, partly covered.16.5 

Sandstone, lenticular, and shale, tan...8.4 

Shale, fissile, ton and red.11.9 

Shale, fisrile, maroon.4.0 

Shale, red and gray. 5.8 
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Shale, arenaceous, tan. 

Shale, ferruginous, black. 

Shale, maroon . 

Covered. 

Sandstone, medium grained, gray. 

Shale, hard, mottled, partly covered. 

Shale, gray, passing upward into sandstone. 

Shale, highly carbonaceous. 

Shale, tan. 

Underclay, blue-gray, and shale, tan— 
Sandstone, fine-grained, cross-bedded. . 

Shale, fissile, tan.. . 

Coal. 

ShalCt toff, with abundant plant fossils . . . 

Coal, shaly. 

Shale, gray and tan.... 

Limestone, hard, gray. 

Road intersection, elevation 667 feet. 


I Waynesburg 


Feet 

9.0 

0.16 

7.2 

2.2 
0.4 

4 8 
6.2 
1 0 
3.0 
0.6 
3 0 

5 2 
0.25 
2.2 
0 16 

13.2 
5 4 


WAYKESBURG **a” COAL HORIZON 

The Waynesburg coal horizon bears some plant fossils in many areas. Probably 
through careful search some rich deposits may be discovered. 

Ref trance: Section 27, Thesis, 1936, John C. Frye, State University of Iowa. 

Location: A section measured along road and draw, 1.6 miles east of Watertown, Central 
Section 2, Watertown Township, Washington County. Parkersburg topographic sheet. 

Feet 

Cover to top of hill. . .30.0 


• t 


Shale, arenaceous, tan. 

Limestone, argillaceous, buff. 

Shale, arenaceous, tan . 

Shale and sandstone. 

Covered. . 

Sandstone, fine-grained, buff. 

Shale, fissile, maroon. 

Shales, red, gray and tan. 

Sandstone, ^e-grained, light gray. 

Shale, arenaceous, red and gray. 

Shale, tan, parts covered. 

Sandstone, highly micaceous, fine-grained, buff, 

Shale, maroon, partly covered. 

Shale, arenaceous, tan .. . 

Shale, mostly maroon. 

Coal, shaly. 

Clay, tan. 

Coal, thaly, carbonaceous . 

Nemato^yUum, Neuropteris and Pecopteris were collected 
fronL lower zone. 

Clay shale* tan and gray. 

Covered to level of creek above Painter Run. 


Waynesburg **A" 


..10.4 
.. 0.2 
.. 6.2 
.. 3.0 
..24.0 
.. 4.2 
.. 0.6 
..17.3 
.. 2.0 
..3 4 
..38 4 
..6 6 
.. 11.6 
.. 2.0 
..12 4 
0 6 
0.8 
0.7 


6.0 

6.0 
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RIOBBR RORIZOKS 

Riferenc^: Grotto of plants. Observations on the Bituminous Coal deposits of the valley 
of the OhiOi and the accompanyingr rock strata; with notices of the fossil Organic remains and 
the relics of Vegetable and Animal bodies, illustrated by a Geological map, by numerous draw¬ 
ings of plants and shells, and by views of interesting scenery; by Dr. S. P. Hildreth, of Mari¬ 
etta, Ohio. The American Journal of Science, Volume XXIX, January, 1836, pages 18-20. 

Location: The grotto is seated on the side of a deep ravine, which the water in running from 
the hills, has gradually worn in the rocks, at an elevation of one hundred feet above the bed 
of the river (Ohio). Located two miles below the mouth of the Muskingum River and 660 
feet northwest from the bank of the Ohio River, northeast comer of Section 3, Warren Town¬ 
ship, Washington County. Marietta topographic sheet. 

"At the southern outlet of the Muskingum Valley, two miles below the mouth of the river, 
and forty rods from the bank of the Ohio, an interesting grotto, has been formed in the sand¬ 
stone from the gradual disintegration of the rock by a chemical process. The rock itself or 
rather this stratum (Hundred sandstone) is about 50 feet in thickness. It rests on a bed of 
argillaceoup or slaty marl, (impure fresh-water limestone) two feet thick. The upper portion 
is ash colored and very heavy, (limestone) and the lower portion of the bed, fourteen inches in 
thickness, is of a deep rich brown, or red. Its structure is slaty, and it splits easily in the line 
of stratification into thin layers. It is completely filled with vegetable impressions of the 
most perfect and beautiful structure; many of them appear to be aquatic plants, but the most 
abundant are of the genus Neuroptera. If the slaty matrix were less fragile, very perfect 
specimens could be procured. As it is, they are, in the hands of any one versed in the botany 
of fossil plants, sufficient to determine the species. Several figures are given of the plants 
found here, from No. 23 to 26; (pages 10 and 11 of the wood cuts)^ No. 23 is one of the most 
beautiful and perfect branches of the arborescent fem that I have ever seen. The foliage is 
similar to that represented by N. Ad Brongniart in one of his antediluvian trees, as he sup¬ 
posed they appeared when living. I have seen no similar species, described in his work on 
fossil plants. No, 24 was probably a very porous, thick leaved, aquatic plant, termination 
ovate, as fragments of the extremities were found, of that shape, cuticle scabrous. The leaf 
was replaced by a deposit of yellow ochre, one-eighth of an inch in thickness, leaving the out¬ 
lines and markings of the cuticle on the red shale. A large proportion of the plants at the 
grotto are replaced by yellow ochre. Several other species are impressed on the same frag¬ 
ment. No. 25 is a very rich fem. Each leaflet appears to have been composed of, or margined 
by rounded grains, too large and too uniform, for the fruit. The beautiful oblong leaf, No. 26, 
resembles ‘Neuropteris Scheuchzeri,’ but is not sufficiently acuminate. Its structure is sim¬ 
ilar to that of the oleander leaf and is probably a new species. On the same fragment are two 
species of Neuroptera. Pods and seeds of plants are also common; with the leaf of a thick, 
aquatic plant, like that of the Nelumbium luteum, passing transversely through the bed, as 
if they had been inhumed in their growing and natural position. Prom their undisturbed and 
perfect condition 1 am led to conclude that they lived and vegetated on the spot where they 
are now found. Had they been tran^>orted by currents of water, the leaves and branches 
would have been more corfused and broken." 

Reference: Section B observations on the Bituminous coal deposits of the valley of the 
Ohio, and the accompanying rock strata; with notices of the fossil Organic remains and the 
relics of Vegetable and Animal bodies, illustrated by a Geological map, by numerous drawings 
of plants and shells, and by views of interesting scenery; by Dr. S. P. Hildreth, of Marietta, 
Ohio. The American Journal of Science, Volume XXIX, January, 1836, pages 28 and 24. 

Location: Section of rock strata at Indian Run, at a point two miles northwest of Mari¬ 
etta, in south-central Muskingum Township, Washington County. Marietta topographic 
sheet. 


^See Journal for Illustrations. 
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Ft. In. 

1. Soil and residual. 2 0 

2. Sandstone, light colored.. ..10 0 

3. Sandstone, light colored, coarse grained, (Hundred) ..50 0 

4. Shale, bituminous, with thin veins of coal of a few inches 

near the bottom.20 0 

5. Limestone, gray. . 2 0 

6. Sandstone, argillaceous, (Upper Marietta).60 0 

7. Marl, brown, with nodules of red oxide of iron, with plant 

impressions. 6 0 

8. Sandstone, slaty, (Lower Marietta). 9 0 

9. Marl, brown, slaty, with plant impressions ... 10 0 

10. Top of salt well. 


No. 7 is a brown marl, with nodules of red oxide of iron; many of the nodules and flattened 
pieces contain, when broken, hne impressions of arborescent ferns. Portions of the trunk, 
two or three feet in length, and three or four inches in diameter, much flattened, are also found 
on this branch, and probably from this bed. I have fragments, completely replaced by iron 
ore, in which the woody fibre is very distinct in its large longitudinal fracture. Figures are 
given at Nos. 27 and 28 (page 12 of the wood cuts) in iron ore from this place. They are both 
of the genus Ncuropteris, but are probably undescribed species. No. 27 resembles 
Anomopteris, rather more than Neuropteris. 

No. 9 is brown slaty marl, upper part of the bed ash colored, lower part, nearly that of 
Spanish brown, compact and heavy, filled with casts of a thick leaved plant, generally ver¬ 
tical as if buried in a living state. They are too much broken to give definite outlines of their 
forms, sufficiently correct for a drawing. The middle portion of the bed abounds with impres¬ 
sions of several species of Neuroptera. A figure of one of these species is given on No. 29 (page 
12 of the wood cuts). The plant is replaced with yellow ochre, and belongs to the arl>orescent 
ferns. The upper or ash colored portion of the bed, for about two or three inches in thickness, 
is filled with the impressions of an asteroid blossom, arranged in rows, upon a stem, sometimes 
six or eight in a line, the lower half of one resting on the upper half of another. They are of 
different sizes, but all equal on the same stem, and generally, each floret contains twenty-four 
petals or rays. The broad leaf of some arundinaceoiis plant is sometimes seen impressed 
amongst them. Figure No. 30 (page 9 of the wood cuts) gives a very correct view of their 
forms and size. 


Conclusions 

From the evidence obtained in general field work it is thus apparent that 
plants were abundant through both the Pennsylvanian and Permian cycles of time. 
The section, with definite plant fossils, from the Sharon of the Pottsvillc series to 
the Jollytown of the Greene, is approximately 1,360 feet in thickness. Without 
search plant fossils are noted on some twenty-six horizons well distributed through¬ 
out the column. Careful inspection over wide field will most certainly produce 
results on each of the fifty-three coal horizons in the geological scale of Ohio. 








ADDITIONS TO THE REVISED CATALOGUE OF OHIO 
VASCULAR PLANTS. XIIP 


CLYDE H. JONES, 

The Ohio State University 

In spite of the efforts of the many conscientious collectors who through the 
years have attempted to build for us in the State Herbarium a permanent record 
of Ohio’s vegetation, some counties are poorly represented. Carroll County, 
located just south of the glacial boundary in the rugged plateau section of the 
state, was an outstanding example. Last summer the Ohio Conservation Lab¬ 
oratory was held at Camp Muskingum on Leesville Lake in that county. Students 
and staff members of the school collected representative specimens of the vegeta¬ 
tion in th#Lt area to be deposited in the herbarium at the Laboratory and in the 
State Herbarinm. The work will continue this summer. 

Three particularly interesting contributions came to the State Herbarium this 
year. The first two were collect^ hundreds of miles outside their usually accepted 
ranges: Berckemia scandens the Rattan-vine and Carex caroiiniana the Carolina 
Sedge. The third. Aspltnium trudelli Trudell’s Spleenwort, is a hybrid between 
Asplenium montanum the Mountain Spleenwort and Aspleniutn pinnatifidum 
the Piimatifid Spleenwort. 

The numerous other valuable specimens and collections which have been 
received durinj^ the year are being preserved and will be identified and reported 
as rapidly as time and assistance permit. We are indeed happy that the hobby 
of collecting has not been a war casualty among Ohio amateurs. 

6. Boirychium dissectum Spreng. Gutleaf Orape-fem. Camp Muskingum; Carroll Co. 

Adele Koncmka. 

8. Osmunda regaiis L. Royal-fem. Camp Muskingum, Carroll Co. Clyde H. Jones. 

10. Osmunda einnamomea L. Cinnamon'ieni. Camp Muskingum, Carroll Co. Clyde H. 

Jones. 

11. Poly podium virginianum L. Virginia Polypody. Camp Muskingum, Carroll Co. 

Adele Konopka. 

22.1. Asplenium trudelli Wherry. Trudell’s Spleenwort. (A. pinnatifidum x A, montanum)^ 

Fairfield and Pike Co. Floyd Bartley and Leslie Pontjus. 

32. Camptosorus rhitopkyllus (Lj Link. Walking-fem. Camp Muskingum, Carroll Co. 

Arthur R. Ha^r and Adele Konop^. 

38. Dryopteris mamnaUs (L.) Gr. Marginal Shield-fem. Camp Muskingum, Carroll Co. 

Arthur R. Harper and Adele Konopka. 

39. Vryopteris intermedia (Muhl.) Gr. American Shield^em. Camp Muskingum, Carroll 

Co. Arthur R. Hamr. 

45. Cystopteris fragilis (L.) Bemh. Fragile Biadder-fem. Camp Muskingum, Carroll Co. 

Adele Konopka. 

46. Woodsia ohtusa (^reng.) Torr. Blunt-lobed Woodsia. Camp Muskii^um, Carroll 

Co- Clyde H. Jones. 

54. Eguisiium praedUum Raf. Great Scouring^rush. Camp Muskingum, Carroll Co. Adele 

Konopka. 

61. EquiseiumareenseL. Field HorsetaiL Camp Muskingum, Carroll Co. Adele Konopka. 

65. Lycopodium clavatum L. Common Club-moss. Camp Indianola, Fairfield Co. Gene 

Rea. 

82.1. Sagittaria lonprostra (Micheli) J. G. Sm. Long-beaked Arrow-head. Hocking Co. 

Floyd Bartley and Leslie Pontius. 

119. Philotria canadensis ^£x.) Britt. Common Waterweed. Camp Muskingum, Carroll 

Co. Arthur R. Harper. 

122.1. Spargcmium ammcomm Nutt. Nuttall’e Bur-reed. Hocking Co, Floyd Bartley and 

Leslie Pontitis. 

^Papers from the Department of Botany, The Ohio State University, No. 486. 
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(L.) Schott. Green-dragon, Camp Muskingum, Carroll Co. 


181. Arwema draconUum 
Arthur R. HarMr, 

140. Sdrpiu IvMotus Mx. Reddish Bulrush. Malvern, Carroll Co. Clyde H. Jones. 

144. Seif pus polyphyllus Vahl. Leafy Bulrush. Camp Muskingum, Carroll Co. Arthur 
R. Harper. Wayne Co. L. S. Hopkins. 

146. Sdfpus validus Vahl. Great Bulrush. Wayne and Ashland Co. L. S. Hopkins. Camp 
Muskingumi Carroll Co. Arthur R. Haiper. 

148. Scirpus amsricanus Pers. Chair-maker’s Cfubnuh. Ashland Co. L. S. Hemkins. 

156. EUocharis ptadrangulata (Mx.) R. & S. Pour-angled Spike-rush. Ashland Co. L. S. 
Hopkins. 

162. EUocnaris palustris (L.) R. & S. Creeping Spike-rush. Wayne and Ashland Co. L. S. 
Hopkins. 

166. EUocharis obtusa (Willd.) Schultes. Blunt Spike-rush. Summit and Portage Co. 
L. S. Hopkins. 

168. CypBfus sirigosus L. Straw-colored Cyperus. Camp Muskingum, Carroll Co, Arthur 
R. Harper. 

202. Car ex camliniana Schw. Carolina Sedge. Malvern, Carroll Co. Clyde H, Jones. 

297. Carex shoriianaiyt^. Short’s Sedge. Good Hope Twp., Hocking Co. Floyd Bartley. 
323. Carex lupuUna Muhl. Hop Sedge. Malvern, Carroll Co. Clyde H. Jones. 

338.1. Bromus latiglumis (Shear). Hitch. Wayne Co. L. S. Hopkins. 

334. Bromus purgans L. Hain^ Brome-grass. Carroll Co. I^lph Kriebel. 

838. Festuca elatior L. Tall rescue-CTass. Portage Co. L. S. Hopkins. 

348. Panicularia canadensis (Mx.) Ktz. Rattlesnake Manna-grass. Portage Co. L. S. 
H^kins. 

360. Panicularia nervaia (Willd.) Ktz. Nerved Manna-grass. Camp Muskingum, Carroll 
Co. Arthur R. Harper. 

352. Panicularia pallida (Torr.) Ktz. Pale Manna-grass. Portage Co. L. S. Hopkins 
357. Poa dehilis Torr. Weak Spear-grass. Portage Co. L. S. Hopkins. 

370. Eragrostis purshii Schrad. Pursh’s Love-grass. Wajme Co. James F. Machwart. 

371. Eragrostis pilosa (L.) Beauv. Tufted Love-grass. Wayne Co. L. S. Hopkins. 

386. Trisetum pennsyloanicum (L.) Beauv. Marsh False-oats. Good Hope Twp., Hocking 

Co. Floyd Bartley. 

303. Nothohokus lanatus (L.) Nash. Velvet-grass. Camp Muskingum, Carroll Co, Arthur 
R. Harper and Ralph Kriebel. 

421. Muhlenhergia schreheri Gmel. Spreading Muhlenbergia. Camp Muskingum, Carroll 
Co. Arthur R. Harper, 

424. Oryzopsis racemosa (Sm.) Ricker. Black-fruited Mountain-rice. Geauga Co. 
Hopkins. 

433. Phalaris arundinacea L. Reed Canary-grass. Camp Muskingum, Carroll Co. 

R. Harper. 

430, Ag^^yron repens (L.) Beauv. Couch-grass. Gallia Co. E. Ray Bailey via C. J. 

446. Elymus canadensis L. Nodding Wild-rye. Belpre Twp., Washington Co. Otis R. 

Kiracofe. Wayne and Highland Co. L. S. Hopkins. 

464. Panicum stipitaium Nash. Panic-grass. Trumbull Co. L. S. Hopkins. 

460. Panicum miliaceum L. Millet Panic-grass. Belmont Co. Emma E. Laughlm. 

4M. Panicum hoscii Poir. Bose’s Panic-grass. Camp Muskingum, Carroll Co. Arthur R. 
Harper. 

503. Echinochloa crus-galli (L.) Beauv, Common Barnyard-grass. Camp Muskingum, 
Carroll Co. Arthur R. Harper, 

562. Medeola virginiana L. Indian Cucumber-root. Camp Muskingum, Carroll Co. Adele 
Konopka. 

571. Vajmera racemosa (L.) Mor. Panicled False Solomon’s-seal. Camp Muskingum, 
Carroll Co. Arthur R. Harper. 

503. Juncus effusus L. Common Rush. Ashland Co. L. S. Hopkins. 

Juncus aristulatus Mx, Small-headed Grass-leaf Rush. Wayne Co. L. S. Hopkins. 
Peramium j^bescens (Willd.) MacM. Downy Rattlesnake-plantain. Camp Mus¬ 
kingum, CanoU Co. Adele Konopka. 

680. Asimina triloba (LJ Dunal. Papaw. Carroll Co. 

714. HepaHca triloba Chaix. Round-lobed Liver-leaf. 

Adele Konopka. , ^ 

728. TktUictrum polygamum Muhl. Tall Meadow-rue. Camp Muskingum, Carroll Co. 
Adele Kono^pka. 

740. Benuoin aestwale (L.) Nees. Spicebush. Camp Muskingum, Carroll Co. Adele 
Konopka. 

Zr7. Radicula palusiris (L.) Moeuch. Marsh Yellow-cress. Camp Muskingum, Carroll Co. 
Arthur R. Harper. Monroe Co. Clyde H. Jones. 


L. S. 
Arthur 


Harold S, Vasbinder. 

Camp Muskingum, Carroll 


Co. 
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857. Oxalis stride L. Upright Wood-sorrel. Can^ Muskingum, Carroll Co. Adele 
Konopka. 

882. Pohgala viridescens L. Purple Milkwort. Camp Muskingum, Carroll Co. Adele 
Konopka. 

685. Poly gala atnbigua Nutt. Loose-spiked Milkwort. Camp Muskingum, Carroll Co. 
Arthur R. Harper. 

831. Hibiscus trionum L. Bladder Ketmia. Carroll Co. Harold S. Vasbinder. 

0^. Tilia americana L. American Linden. Camp Muskingum, Carroll Co. Clyde H. Jones. 
844. Hypericum mutUum L. Small-flowered St. John’s-wort. Camp Muskingum, Carroll 
Co. Arthur R. Harper. 

1003. Alsine longifolia (Muhl.) Britt. Longleaf Stitchwort. Camp Muskingum, Carroll Co. 
Adele Konopka. 

1015. Lychnis alba Mill. White Lychnis. Camp Muskingum, Carroll Co. Adele Konopka. 
1018. Silene stellata (L.) Ait.f. ^tarry Campion. Camp Muskingum, Carroll Co. Arthur R. 
Harper and Adele Konopka. 

1035. Dianthus armeria L. Deptford Pink. Camp Muskingum, Carroll Co. Arthur R. 
Harper and Adele' Konopka. 

1040. Poriulaca oleracea L. Purslane. Camp Muskingum, Carroll Co. Arthur R. Harper. 
1044. Allionia nyciaginea Mx. Heart-leaf Umbrella-wort. Scioto Co. Conrad Roth. 

1083. Naumburgia thyrsifiora (L.) Duby. Tufted Yellow Loose-strife. Portage Co. L. S. 
Hopkins. 

1104. Ttniaria convolvulus (L.) Webb. & Moq. Black Bindweed. Camp Muskingum, Carroll 
Co. Adele Konopka. 

1108. Tracaulon sagiUatum (L,) Small, Arrow-leaf Tear-thumb. Camp Muskingum, Carroll 
Co. Arthur R. Harper and Adele Konopka. 

1116. Persicarta lapalhifolia (L.) S, F. Gr. Pale Persicaria. Camp Muskingum, Carroll 
Co. Adele Konopka. 

1130. Geum vtrginianum L. Rough Avens. Camp Muskingum, Carroll Co. Arthur R. 
Harper. 

1136. Poientilla monspeliensis h. Rough Cinquefoil. Camp Muskingum, Carroll Co. Arthur 
R. Harper. 

1164. Opulaster opuhfolius (L.) Ktz. Ninebark. Camp Muskingum, Carroll Co. Adele 
Konopka. 

1166. Spiraea iomentosa L. Steeple-bush. Carroll Co. Clyde H. Jones. 

1170. Rosa setigera Mx. Prairie Rose. Camp Muskingum, Carroll Co. Arthur R. Harper 
and Adele Konopka. 

1187. Prunus nana DuRoi. Choke Cherry. Camp Muskingxun, Carroll Co. Arthur R. 
Harper, 

1237. Chamaecrisla nictiians (L.) Moench. Small-flowered Sensitive-pea. Tuscarawas Co. 
Earl Jones via C, J. Willard. 

1300. Vfcia cracca L. Cow Vetch. Camp Muskingum, Carroll Co. Adele Konopka. 

1321.1. Pueraris thunbergiana (Sieb. & Zucc.) Benth. Kudzu. Introduced. Hamilton Co. 

Eleanor Knoechel. 

1348. Parsonsia peiiolata (L.) Rusby. Blue Waxweed. Camp Muskingum, Carroll Co. 
Harold S. Vasbinder. 

1351.1. Berchemia scandens (Hill) Trelease. Rattan-vine. Cranberry Island, Buckeye Lake, 

Licking Co. L. E, Hicks via Floyd Bartley. 

1355. Rhamnus lanceolata Pursh. Lance-leaf Buckthorn. Camp Muskingum, Carroll Co. 
Clyde H. Jones. 

1362. , Vitis bicolor LeC, Winter Grape. Camp Muskingum, Carroll Co. Arthur R. Harper, 
1367. Euonyvms atropurpureus Jacq. Wahoo. Good Hope Twp., Hocking Co. Richard T. 

Wareham and John N. Wolfe. Carroll Co. Harold S. Vasbinder. 

1385. Acer rubrum L. Red M^le. Camp Muskingum, Carroll Co. Adele Konopka. 

1385. HamameUs virginiana L. Witch-hazel. Camp Muskingum, Carroll Co. Adele Konopka. 
1417- Fagus grandijolia Ehrh. American Beech. Camp Muskingum, Carroll Co. Adele 
Koneva. 

1422. Quercus hicolor Willd. Swamp White Oak. Camp Muskingum, Carroll Co. Clyde H. 
Jones. 

1425. Quercus macrocar^ Mx. Bur Oak. Carroll Co. Harold S. Vasbinder. 

1431. i^ercus coccinea Wang. Scarlet Oak. Camp Muskingum, Carroll Co. Clyde H. Jones. 

1432. Quercus 6ofeaIts Michx. var. maxima (Marsh.) Ashe. Red Oak. Camp Muskingum, 

Carroll Co. Adele Kono^ia. 

1435. Ostrya virginiana (Mill.) Willd. Hc^hombeam. Camp Muskingum, Carroll Co. 
A^le Konopka. 

1453. Juglans cinerea L. Butternut. Camp Muskingum, Carroll Co. Adele Konopka. 

1461. Populus deltoides Marsh. Cottonwc^. Camp Muskingum, Carroll Co. Clyde H. 
Jones. 

1465. Salix nigra Marsh, Black Willow. Belpre Twp., Washington Co. Otis R. Kiraoc^e. 



No. 4 


OHIO VASCULAR PLANTS 


165 


1472, SakxiHt^rwr Row. Sandbar Willow, BelpreTwp,, Washington Co. Otis R. Kiracofe. 
1536. Aristolockia serp^nkiria L. Virginia Snakeroot. Camp Muskingum, Carroll Co. 
Clyde H. Jones. 

1661. Pyrola elliptica Nutt. Shinleaf Wintergreen. Camp Muskingum, Carroll Co. Adele 
Konopka. 

1668. Diospyros virpniana L. Persimmon. Carroll Co. Harold S. Vasbinder, 

1680. Phlox stolonifera Sims. Creeping Phlox. Fairfield Co, John N. Wolfe. 

1006.1. Helie/repitim indicam L. Indian Heliotrope. Introduced. Scioto Co. Conrad Roth. 
1621. 5a6Aaiia angttlam (L.) Punh. Square<stemmed Sabbatia. Camp Muskingum, Carroll 
Co. Arthur R. Harper. 

1687. Apocynum medium Greene. Intermediate Dogbane. Camp Muskingum, Carroll Co. 
Arthur R. Harper. 

1638. Apocynum cannabinum L. Indian Hemp. Camp Muskingum, Carroll Co. Arthur R. 
Harper and Adele Kon^ka. 

1646. Ascle^s incamata L. Swamp Milkweed. Camp Muskingum, Carroll Co. Adele 
Konopka. 

1663. Ascleptas quadrijolia Jacq. Pourleaf Milkweed. Camp Muskingum, Carroll Co. 
Clyde H. Jones. 

1682. Verbascum blatiario L. Moth Mullen. Can^ Muskingum, Carroll Co. Adele Konopka. 
1628. Mimulus alatus Soland. Sharp-winged Monkey-flower. Camp Muskingum, Carroll 
Co. Clyde H. Jones. 

1701. GraUola neglecta Ton*. Clammy Hedge-hyssop. Camp Muskingum, Carroll Co. 
Arthur R. Harper. 

1717. Veronicastrum virginicum (L.) Parw. Culver's-root. Camp Muskingum, Carroll Co. 
Arthur R. Harper and Clyde H. Jones. 

1721. Veronica americana Schwein. American Speedwell. Camp Muskingum, Carroll Co. 
Arthur R. Harper and Clyde H. Jones. 

1738. Linaria littaria (L,) KAnt. Yellow Toadflax, Camp Muskingum, Carroll Co. Arthur 
R. Harper. 

1767. Lappula virpniana (L.) Greene. Virginia Stickseed. Camp Muskingum, Carroll Co. 
Clyde H. Jones. 

1788. Verbena hastaia L. Blue Vervain: Camp Muskingum, Carroll Co. Arthur R. Harper 
and Adele Konc^ka. 

1706. Teucrium canadense L. American Germander. Camp Muskingum, Carroll Co. Clyde 
H. Jones. 

1821. Lycopus americanus Muhl. Cutleaf Water-hoarhound. Camp Muskingum, Carroll 
Co. Arthur R. Haiper. 

1826. ColUnsonia canadensis L. Stone-root. Camp Muskingum, Carroll Co. Harold S. 

Vasbinder. ^ 

1829. Koellia pUosa (Nutt.) Britt. Hairy Mountain-mint. Camp Muskingum, Carroll Co. 
Arthur R. Harper and Adele Konopka. 

1842. Agasiachenepetoides Catnm Giant-hyssop. Carroll Co. Harold S. Vasbinder. 

1846. Glecoma kederacea L. Ground-ivy, Camp Muskingum, Carroll Co. Adele Konopka. 

1867. Monarda fisMosa L. Wild Bergamot. Camp Muskingum, Carroll Co. Clyde H. Jones. 

1868. Monarda mollis L, Canescent Wild Bergamot. Camp Muskingum, Carroll Co. Arthur 

R. Harper. 

1880. Plantago arisiata Mx, Large-bracted Plantain. Malvern, Carroll Co. Arthur R. 
Haipcr, 

1890. Daucus carota L. Wild Carrot. Camp Muskingum, Carroll Co. Adele Konopka. 

1902. Deringa canadensis (L.) Ktz. Honewort, Camp Muskingum, Carroll Co, Clyde H. 
Jones. 

1086. ComiM amomum Mill. Silky Dogwood. Camp Muskingum, Carroll Co. Adele 


1048. 

1059L 

19 ^ 

2009. 
2014. 

2010 . 
2072. 


Konopka. 

sylvatica Marsh. Sour Gum or Tt^wlo. Camp Muskingum, Carroll Co, Adele 

Mil^^ repens L. Partridge-beriy. Camp Muskingum, Carroll Co. Adele Konopka. 
Galium asprellum Mx. Rough Bedstraw. Camp Muskingum, Carroll Co. Arthur R. 

C^m^Sula americesta L. Tall Bellflower. Camp Muskingum, Carroll Co. Arthur R. 
Haiper and Clyde H. Jones. 

Specularia perfolma (L.) A.DC. Vonus’-looking-glass. Camp Muskingum, Carroll Co. 
A<}ele Koncmka. 

Lobelia inflalal^ Indian Tobacco. Camp Muskingum, Carroll Co. Arthur R. Harper 
and Adele Konopka. 

Bidens, hevis (L.) B. S. P. Smooth Bur-marigold. Camp Muskingum, Carroll Co. 


2120. 


Harold S. Vasbinder. 

SoUdago bicolor L, White Goldenrod. 


Carroll Co. Harold Vasbinder. 
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2132. SoUdcgo rugosa Mill, Wrinkled-leaf Goldenrod. Good Hope Twp.. Hocking Co. 
Richard T. Wareham and John N. Wolfe. 

2137. Soliddgo juncea Ait. Plume Goldenrod. Camp Muskingum, Carroll Co. Arthur R. 
Harper and Harold S. Vasbinder. 

2141. Euikamia sraminifolia (L.) Nutt. Bushy Fragrant Goldenrod. Camp Muskingum, 
Carroll Co. Arthur R. Harper and Harold S. Vasbinder. 

2145, Sericocar^s ostBroides (L.) B. S. P. Toothed White-top Aster. Camp Muskingum, 
Ca^lf Co. Arthur R. Harper. 

2158. Aster puniceus Lt, Purple-stem Aster. Carroll Co. Harold S. Vasbinder. 

2163. Aster prenanthoides Muhl. Crooked-stem Aster. Carroll Co. Harold S. Vasbinder. 
2170. Aster multiflorus Ait. Dense-flowered Aster. Good Hope Twp., Hocking Co, Richard 
T. Wareham and John N. Wolfe. 

2176. Aster ericoides L. White Heath Aster. Carroll Co. Harold S. Vasbinder. 

2104. Eupatorium urticaejolium Reich, White Snake-root. Camp Muskingiun, Carroll Co. 
Arthur R. Harper and Harold S. Vasbinder. 

2235. Synosma suaveolens (L.) Raf. Sweet-scented Indian-plantain. Athens Co. Walter P. 
Porter and P. S. Wamsley. 

2237. Mesadenia atriplictfolia (L.) Raf. Pale Indian'plantain. Camp Muskingiun, Carroll 
Co, Adele Konopka. 

2250. Cireium odoratum (Muhl.) Britt. Fragrant Thistle. Camp Muskingum, Carroll Co, 
Arthur R. Harper. 

2252. CirsiuiH arvense (L.) Scop. Canada Thistle, Camp Muskingum, Carroll Co. Arthur 
R. Harper. 

2262. Chichorium intybus L. Chicory. (3amp Muskingum, Carroll Co. Adele Konopka. 
.2265. Krigia virginica (L.) Willd. Virginia Dwarf-dandelion. Nettle Lake, Williams Co. 
Floyd Bartley and Leslie Pontius. 

2281. Hieracium aurantiacum L. Orange Hawkweed. Camp Muskingum, Carroll Co. Adele 

Konopka. 

2282. Hieracium pratensis Tausch. Field Hawkweed. Camp Muskingum, Carroll Co. 

Adele Konopka. 

2292. Nabalus alUssimus (L.) Hook. Tall Rattlesnake-root. Carroll Co. Harold S. Vasbinder. 
2295.1. Iva ciliata Willd. Rough Marsh Elder, Sells Lake, Athens Co. Walter P, Porter and 
P. S. Wamsley. 

2299. Sonchus asper (L.) Hill. Spiny Sow-thistle. Camp Muskingum, Carroll Co. Arthur 
R. Harper and Adele Konopka. 



A SYSTEMATIC STUDY OF THE MAIN ARTERIES IN THE 
REGION OF HEART—AVES XV. 

Gaviiformes—Part 1^ 

FRED H. GLENNY» 

As in other recent studies on the main arteries in the neck and thorax of birds, 
the writer herein presents the basic arrangement-pattern with such variations 
as were observed in two species of North American Loons. The present paper 
is limited to these two forms due to the lack of other species of birds in this Order. 
This limitation is in part due to the present world conditions. Although the 
writer had previously planned to discuss a larger number of species in each subse¬ 
quent paper, it was finally decided that it might be well to present such information 
as has already been obtained, and such other observations as may be made at a 
later time would be presented in subsequent papers on this subject. As a result, 
adequate comparisons between these two species and other species of this order, 
as well as comparisons between different families of this order, cannot be drawn at 
the present time. 

MATERIALS 

Two specimens of each of the two species studied were dissected and diagrams 
of the arrangement-patterns of the arteries of the neck and thorax prepared. 
Specimens were made available for this work by the Royal Ontario Museum of 
Zoology, Toronto, Canada. 

Common Loon, Gavia itnmer Linn6, 

Red-throated Loon, Gavia slellata (Pontoppiden). 

OBSERVATIONS 

As in other birds, the right systemic (4th aortic) arch (3) alone remains as the 
functional arch of the aorta. The innominate arteries (2) arise from the common 
aortic root (1), and pass anteriorly to the left and right before dividing to form 
the common carotid (8) and subclavian (9) arterjes. 

The subclavian artery gives rise to the coracoid major (10), axillary (13), 
intercostal (14), and two pectoral (15) arteries in order. The sternotracheal 
artery (11) arises as a branch of the coracoid major artery. The coracoid minor 
artery (12) arises from the ventral face of the subclavian artety—opposite the 
axillary artery—in Gavia imnter, and from the axilla^ artery in Gavia slellata. 
The ductus shawi C^) arises from the common carotid artery (8) and sends off 
branches to the oesc. lagus, bronchi, and connective tissues in the region of the 
heart; to the syrinx tett trachea (17) and to the oesophagus above the furcula (18). 
In Gavia slellata, an accessory ascending oesophageal artery (23) arises from the 
left common carotid artery near its point of bifurcation; an accessory meso- 
oesophageal arteiy (24) arises from the right common carotid artery; the thyroid 
arteries arise from these accessory oesophageal arteries (23 and 24). In Gavia 
intmer, the thyroid arteries arise variously from the common carotids or one of 
their branches, chiefly in the region of the ductus shawi. 

The common carotid arteries divide to form the superficial cervical arteries (20) 
and tl|e intemal carotid (trunk) arteries (22). Shortly after its origin from the 
common carotid, the sui>erficial cervical artery gives rise to the scapular artery (19). 
The right superficUJ cervical artery serves as the ascending oesophageal artery in 
the adult bird. The vertebral arteries (21) arise from the intemal carotid (trunk) 
arteries just after the origin of the superfcial cervicals. 

‘Contributions from the Department of Zoology, University of Toronto, Canada. 

•Formerly Assistant, Department of Zoology, University of Toronto, Toronto, Canada; 
now in active service with the United States Army. 
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Posteriorly, the Ugameatous vestige of the left radix aortae—the ligamentum 
aortae (5)—and the right ligamentum botaUi (6) persist. The ligamentum aortae 
(5) maintains its connection between the left pulmonary arch (?) and the distal 
portion of the right radix aortae (4), while the ligamentum botalli maintains its 
proximal attachment with the right pulmonary artery and its distal connection with 
the right radix aortae. 



KEY TO FIGURES 

1. Aortic root; 2. Innominate arteries; 3. Right systemic (4th aortic) arch; 4. Right 
radix aortae; 6. Left ligamentum aortae; 6. Right tigamentum botalli; 7. pulmonaiy arte^ 
(pulmonary or 6th aortic arch); 8. (Dommon carotid artery; 6. Subclavian artery; 10. Coracoid 
major artery; 11. Sternotracheal artery; 12. Coracoid minor arte^; 13. iUillary artery; 
14. Intercostal artery; 15. Pectoral arteries; 16. Puotus shawi; 17. Syringo-trachea) artery; 
18. Meso-oesojdukgeal artery; 10. Scapular arte^; Stn^rfictal oerviw arteries (serves 
as the ascending oesophamal artery on the tight side); 21. Vertebral artery; 22. Internal 
carotid (trunk) arterM: Accessory ascendmg oesotdiageal artery; 2i. Accessory meso- 

oesophageal artery; 26. Thyroid arteries. 
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CONCLUSIONS 

In basic arrangement-pattern, the main arteries of the neck and thorax of these 
two species of Loons are alike. Only minor differences in origin or arrangement of 
aroessory oesophageal arteries are to be noted. Whether or not these minor 
differences are of any value cannot be evaluated at the present time. 


Fig. 2. Diagrammatic representation of the main arteries in the neck and 
thorax <» Govm sfeMofe. Ventral view. 

Origin of the coracoid minor artery in the two species may later prove to be 
of some minor significance. If this group of birds is in a* “fluid” state of evolu¬ 
tion—or in a state of “flux”—these differences may become increasingly more 
significant. 
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A SERIES OF FIVE MULTIPLE ALLELES^ 


DAVID C. RIFE,* 

The Ohio State University, 

Columbus 10, Ohio 

In 1937 Boye and Rife (1) reported a single pair of alleles as being responsible 
for a solid purple leaf color versus pattern (brown or red area in central portion 
of upper epidermis of otheAvise green leaves). Purple (P) is dominant to^ 
pattern (p). The difference between the solid green of the Golden Bedder variety 
and pattern was likewise shown to be due to a single pair of alleles, solid green 
being dominant to pattern. In a later investigation Boye (2) found a series of 
three m^jltiple alleles to be responsible for these three leaf color variations; solid 
purple (P), solid green (p^) and pattern (p), as well as for a new phenotype, 
gray (Pp^). Boye (3) also found a new allele (p®) which in the homozygous state 
results in solid green leaves. It is incompletely dominant to pattern, in the 
heterozygous condition resulting in a new phenotype, known as spotted. (Numer¬ 
ous small brown or red spots on the upper epidermis of otherwise green leaves.) 
The various phenotypes and genotypes involving these alleles are shown in Table L 

This paper is concerned with a fifth allele of the same series. A plant which 
at first was thought to be of genotype PP or Pp, was later observed to differ in 
certain respects. The leaf color became such an intense purple as to appear 
black. The entire calyxes were dark purple, and the petals were dark blue. (Plants 
of genotypes PP and Pp have light blue petals and green calyxes with red bases.) 
The purple calyx color was maintained, even after the plant reached maturity 
and was dried out. 

A large number of selfed seeds were produced by this plant. The resulting 
seedlings all appeared to be purple, and because of cramped facilities most of 
them were discarded. The remaining plants later proved to he of three types, 
the differences becoming more apparent as they became larger. Some showed the 
characteristics of plants of genotypes PP and Pp, some developed the black color 
of the parent, and the others were of a new phenotype, an uneven purple leaf 
color. Upon flowering, the petals were of a dark purple color, while the calyxes 
were green with purple at their bases. These observations suggested the likelihood 
that the parent plant was heterozygous for two kinds of purple, P and a gene 
responsible for the new phenot 5 rpe, tmeven purple. We shall use the symbol P^ 
to designate this allele. 

Presumably the plants showing uneven purple leaves were homozygous, of 
genotype P^P^. One of them was crossed with a gray plant (P p*^) and produced 
9 offspring with black leaves, and 6 with non-uniform, gray leaves. The blacks 
were assumed to be of genotype P4>, and the non-uniform grays of genotype 

^Genetic Studies of Coleus. No. V. 

■Genetics Laboratory, Department of Zoology and Entomology. 

170 



No. 4 


FIVE MULTIPLE ALLELES IN COLEUS 


171. 


Both the black and the uneven gray plants were crossed with pattern. 
(Tables II and III.) Offspring of black x pattern (P^P x pp) occurred in approxi¬ 
mately equal numbers of typical purple (Pp) and uneven purple (P^p). Offspring 
of uneven gray x pattern Pp*^ x pp) likewise occurred in approximately equal 
numbers of solid green (p^p) and light, uneven purple (Pp^). The fact that only 
two phentypes were produced from each of these back crosses confirms the 
hypothesis that a new allele (P^), rather than another pair of factors, is responsible 
for these variations. 

A black plant (P^P) was crossed with a green one of genotype p^p. As shown 
in Table IV, four kinds of offspring were produced, in approximately equal numbers. 
The leaves of plants of genotype P^p^ differ from those of genotype Pp^ principally 
in the distribution of anthocyanin, it being much more imeven in plants of 
genotype P^p^, 

When sclfed, plants of genotype Pp^ produced offspring in the approximate 
ratio of 1 uneven purple; 2 uneven gray; 1 green (see Tabic V). A plant of 
genot3q>e P^P was crossed with one of genotype p^p®, but no differences were 
noted among the offspring. All had brown leaves, like plants of genotype Pp®. 

All plants possessing the gene P^ produce dark blue flowers, and a dark purple 
color at the base of the calyx. No other alleles in this series produce this effect, 
except the combination Pp®, The gene P produces red at the base of the calyx, 
while the genes p®, p^ and p produce solid green calyxes. The genes p®, p^ and p 
produce light blue petals. In respect to calyx color, red (P) is dominant to solid 
green (p®, p^' and p), while purple (P^) is dominant to both red and solid green. 
In respect to petal color, dark blue (P^) is dominant to light blue. The genotypic 
combinations P^'P and Pp® produce copigmentation effects. 

Table I 


Genotypes and phenotypes of the purple allelic series 


Genotype 

Leaf color 

Calyx color 

Petal color 

pLpL 

Uneven purple 

Purple at base 

Dark blue 

pLp 

Black 

Solid purple 

U ti 

pV 

Brown 

Purple at base' 

u n 


Uneven gray 

U 

u u 

it it 

P^'P 

“ purple 

a 

u a 

a a 

pp 

Even purple 

Red at base 

Light “ 

pp® 

Brown 

Purple at base 

Dark “ 

?p" 

, Even gray 

Red at base 

Light blue 

pp„ 

Even purple 

a u 

u 

a ti 

pflP . 

Solid green 

Solid green 

U (( 


^ u a 

U, 

a 

u u 

O D 

a u 

u 

u 

a it 

p°p 

« a 

it 

it 

a u 

p®p . 

Spotted 

u 

u 

u u 

pp 

Pattern 

a 

u 

u u 
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Observed 

Table 11 

I*P X pp 

Offspring 

Calculated 

P^P 

69 

71 df « 1 

Pp 

73 

X* - 0.112 

71 p.-0.7—0.96 


ei 

Table III 

P^P° X pp 


Observed 

Offspring 

Calculated 

p'-p 

67 

69.5 df - 1 

p°p 

72 

X* - 0.179 

69.5 p = as - 0.7 


Observed 

Table IV 

P^P X p°p 

Offspring 

Calculated 

pLpO 

34 

33.2 df “ 3 

P^P 

35 

33.2 X* * 0.745 

29 

33.2 p »0.7 - 0.95 

PP 

35 

33.2 


Observed 

Table V 

P^p® selfed 

Calculated 

pLpL 

14 

14.5 df » 2 


30 

29 x» - .064 

p p 

14 

14.6 p - .95 - .99 


SUMMARY 

A new allele, which we have designated as P^, has been discovered in the 
purpSe series. This gene produces dark blue petals, dark purple at the base of 
the cal}cc, and a more uneven distribution of anthocyanin in the leaves than does 
its allele P. 
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UPPER PENNSYLVANIAN AND LOWER PERMIAN ROCK 
SECTION AT BLAINE HILL, BELMONT COUNTY, OHIO* 


GEORGE W. WHITE, 
The Ohio State University 


The relocation of the National Highway, Ohio-U S. Route 40, in Belmont 
County has exposed many rock cuts in upper Pennsylvanian and lower Permian 
rocks from Morristown in the westmi part of the county to Blaine in the eastern 
part. These exposures have been studied as part of the investigation of the 
Monongahela formation by the Geological Survey of Ohio. The section exposed 
on the “Blaine Hill,"’ (Fig. 1), 4 miles east of St. Clairsville, is of especial interest 
as it provides fresh outcrops of the upper part of the Conemaugh formation and of 
all of the Monongahela formation of the Pennsylvanian S 5 ^tem and of most of 
the Washington formation and of the basal beds of the Greene formation of the 
Permian system. Its accessibility along a major highway makes a record and 
identification of the units of perhaps some general interest. 

The section was measured by hand level in June, 1944, with the efficient aid 
of Mr. Richard E. Lee, field assistant during the 1944 field Mason. Dr. Aureal 
T. Cross, National Research Council Fellow, collected specimens froni each of 
the coal units for study of micro-fossils, and his suggestions at certain points were 
helpful. Later in June Dr. Myron T. Sturgeon of the staff of the Geological 
Survey of Ohio reviewed the section with the writer, assisted in measuring a part 
of the Washington formation, and made extensive collections from the limestones 
and calcareous shales for paleontological study Dr. Sturgeon’s advice and 
assistance were much appreciated. Dr. Wilber Stout, Director of the Geological 
Survey of Ohio, has generously given counsel and suggestions based on his unrivalled 
knowledge of the Coal Measures in Ohio. The elevation of the Pittsburgh coal 
is from the records of the State Highway Testing Laboratory through the courtesy 
of Mr. Harry Marshall. 

A section along the old National Pike west of Blaine was measured by Stauffer 
and Schroyer,* but this section was measured along the old road, where exposures 
were slumped and overgrown and many details and several members were concealed. 
The rocks did not outcrop so boldly as to excite the interest and notice of the 
casual traveler along the road as is now the case. The new location is much 
higher on the hillside as far as the horizon of the Washington coal and somewhat 
lower through the horizons above the Washington coal. Several hundred yards 
separate the outcrop of some horizons on the new location from their position along 
the old road, and certain differences in thickness and character of some units are 
to be expect^ in comparing the two sections. The names of the members in the 
section are those used by tihe Geological Siirvey of Ohio.* 


^Published by permiBBion of the Director, Geological Survey of Ohio. 

*8tauffer, C. R,, and Schroyer, C. R., “The Dunkard Series in Ohio," Geol. Surv, Ohio 

pp. 4&-49, 1920. ^ « rr. T, - o 

«Stcmt, Wm “The Monongahela Series in Eastern Ohio," Proc. W, Va, Acad. Science, vol. 3, 

Rp. llft-188. 1980. . „ , ^ r ^ 

Ibid,, “Generalized Section of the Coal Bearing Rocks of Ohio," Geol. Surv. Oheo InformaUon 
Ciratlar No, B, 1939. 
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Dr. M. T. Sturgeon, who collected samples for paleontological study in company 
with the writer and on other occasions, now has in preparation a report on his 
investigations of the approximately 70 limestone and calcareous shale units of the 
section. He informs the writer^ that most of the strata so far studied are 
fossiliferous. He reports that ostracods, gastropods, and annelid Worm tubes 
{Spirorbus) are the most abundant, but that fish remains and rare pelecypods are 
also present. 



Fig. 1. Map of Ohio showing location of Belmont County and of Blaine Hill, 


The rock section starts at road level at the bottom of the west side of the most 
westerly post on the south side of the viaduct at Blaine, in central-north Section 15, 
Pultney Township, Belmont County, and extends westward across the northwestern 
part of Section 15, and across the northeastern part of Section 21, Richland Town¬ 
ship, to the sharp turn at the top of the ridge in southwestern Section 22 of the latter 
township. Comments on certain units are given after the section which follows 
by reference to the appropriate number. 

^Sturgeon, M. T., personal communication, June 11, 1946. 
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ROCK SECTION AT BLAINE HILL, BELMONT COUNTY 








Interval 







from base 

PERMIAN SYSTEM—DUNKARD SERIES 



Thickness 

ot 

Pittsburgh 

GREENE FORMATION 



Ft. 

In, 

Ft. 

In. 

163. 

Shale, siliceous., . 



1 

0 

470 

3 

162. 

Coal, weathered, fair to good, Jollytown elevation 






1,290* ft. 



0 

5 

469 

10 

WASHINGTON FORMATION 







161. 

Shale, gray, calcareous. 



0 

8 

469 

2 

100. 

Limestone, gray; weathers to irregu- 








lar fragments . .... 


f ••• 

2 

6 

466 

8 

150. 

Lmiestone, weathered; or shale, very 








calcareous. 

Upper 


6 

11 

459 

9 

158. 

Shale, sandy, somewhat calcareous . 

Washington 


2 

7 

457 

2 

157. 

Limestone, shaly, impure ... 



3 

0 

454 

2 

156. 

Shale, calcareous.. 



2 

2 

452 

0 

155. 

Sandstone, medium-grained, micaceous, mas.sive, i 

ripple 






marked, exposed as extensive surface north of pavement 






at curve at Pullman’s restaurant, Hundred 


6 

0 

446 

0 

154. 

Covered; along slope up National Road to crest of hill 

27 

3 

418 

9 

163. 

Limestone, weathered, irregular 



10 

0 

408 

9 

152. 

Sandstone, huffish green, micaceous, 








calcareous, fine to medium-grained 



1 

9 

407 

0 

151. 

Limestone, gray, nodular . 



0 

6 

406 

7 

150. 

Shale, calcareous , ... 



1 

10 

404 

9 

140. 

Limestone, gray, nodular 



0 

8 

404 

1 

148 

Sandstone, greenish gray, micaceous, 








calcareous, massive to irregular ; 

m t ,, 


6 

4 

397 

9 

147. 

Sandstone, very irregular, shaly 

Middle 


3 

0 

394 

9 

146, 

Shale, siliceous ... , i 

Washington 


2 

5 

392 

4 

145. 

Shale, gray, calcareous • ■ i 



1 

0 

391 

4 

144. 

Limestone, shaly to marly, femigin- 








ous, weathers rose pink, Creston j 








horizon . . 



2 

1 

389 

3 

143, 

Limestone, blue-gray, shaly; and 








shale, calcareous . . 



5 

10 

383 

5 

142. 

Limestone, gray, marly . | 



3 

0 

380 

5 

141. 

Limestone, weathered .. J 



7 

8 

372 

9 

140. 

Covered (Lower Washington limestone horizon) 


35 

2 

337 

7 

139. 

Sandstone, thm-bedded . 1 

1 Lower 1 

f 

5 

0 

332 

7 

iSs. 

Sandstone and covered . . j 

( Marietta 1 

l 

10 

7 

322 

0 

137. 

Coal blossom, Washington 



3 

6 

318 

6 

186. 

Covered.. . 



4 

t) 

314 

0 

185. 

Shale, calcareous; and limestone, nodular . 


6 

6 

308 

6 

134. 

Limestone, weathered tan . .. 



5 

8 

302 

10 

133. 

Shale, sandy, irregular. 



1 

0 

301 

1 

132. 

Sandstone, shaly to thin-bedded; part cross-bedded. 


7 

2 

293 

11 

131. 

Shale, sandy; with ore nodules 



3 

4 

290 

7 

130. 

Sandstone, shaly. 



1 

0 

289 

7 

129. 

Shale, sandy; with ore nodules 



1 

3 

288 

4 

128. 

Shale, clayey to siliceous; with ore nodules. .. 


2 

4 

286 

0 

127. 

Ore, irregular, weathered.. . . 



0 

3 

285 

9 

126. 

Clay shale, gray, micaceous. 



1 

3 

284 

6 
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Ft. 

In. 

Ft. 

In. 

126. Siderite, blue-gray, dense; single layer. 

.. . 0 

3 

284 

3 

124. Clay shale, gray . 

2 

4 

281 

11 

123, Clay shale, with carbonaceous streaks. 

. . 0 

2 

281 

9 

122. Clay shale, gray, irregular fracture. . 

1 

2 

280 

7 

121. Shale, coally below to carbonaceous 






above ... .. . 


. . 0 

10 .. 

. 279 

9 

120. Limestone, dark; with carbonaceous 

Wayneshurg 





streaks . .... 

"i4” 

0 

2 

279 

7 

119. Clay shale, gray . 


0 

3 

279 

4 

118. Shale, coally., . 


[ 0 

4 

279 

0 

117. Limestone, blue-gray, dense, very 






hard; in several beds 


2 

10 

276 

2 

116. Shale, siliceous to sandy; with ore 






knots. 

^ Mt. Morris ' 

6 

10 .. 

270 

4 

115. Limestone, gray, dense, hard . . 


... 0 

4 

270 

0 

114. Shale, with ore knots. 


. 1 

7 

268 

5 

113. Sandstone, massive . . 

... 2 

5 

OAA 

ADD 

0 

112. Shale, silty .... . .... 

1 

2 

264 

10 

Ill Sandstone, coarse; in two beds .. 

1 

9 

263 

1 

110, Shale, siliceous, fine-grained. 

7 

4 

255 

9 

109. Clay shale, carbonaceous. 

0 

3 

255 

6 

108. Limestone, thin-bedded to shaly 

0 

7 

254 

11 

107. Limestone, blue-gray, dense, hard. 

. 1 

2 

263 

9 

106. Shale, siliceous to sandy ... 

. 1 

10 

251 

11 

106. Clay shale, gray. ... 

. . 4 

0 

247 

11 

104. Clay shale, carbonaceous. 

1 

0 

246 

11 

103. Limestone, gray-blue, hard, shaly . 


. 1 

6 

246 

6 

102. Shale, gray blue, calcareous. 


0 

9 

244 

9 

101. Limestone, gray, dense, micro- 

- Elm Grove ^ 





crystalline, fosstliferous; lower 






IS bone bed with fish teeth .. 


1 

10 

242 

11 

100. Clay shale, with thin carbonaceous 


r 




streaks 


... 1 

0 

241 

n 

99. Shale, carbonaceous 


... 0 

6 

241 

6 

98. Clay shale, gray 

► Cassville ^ 

.. 0 

5 

241 

1 

97. Clay shale, carbonaceous. 


... 0 

2 

240 

11 

96. Clay shale, gray, irregular fracture 


, . 0 

6 

240 

6 

PENNSYLVANIAN SYSTEM 
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96. Shale* bony to coally . 


0 

3 

240 

3 

94. Coal, blocky, banded . 


. 1 

7 

238 

8 

93. Shale, dark, carbonaceous. 


... 0 

H 

238 

7H 

92, Coal, blocky, banded. 

* Wayneshurg 

.... 1 

6 

237 

IJi 

91. Shale, carl)onaceous . 


.... 0 

Va 

237 

IH 

90. Coal, bright . . 


... 0 

2H 

236 

11 

89. Clay shale, somewhat carbonaceous. 

. 0 

2 

236 

9 

88. Clay* very impure ... . . 

. 2 

0 

234 

9 

87. Shale, siliceous to sandy. 

.... 4 

6 

230 

4 

86. Sandstone, shaly; with shale streaks;' 


f 




contains a few ore knots. 


1 ... 3 

4 

227 

0 

85. Shale, sandy. 

► Gilboy 


6 

213 

7 

84. Sandstone, fine-grained, shaly. 


i.... 1 

9 

211 

10 

83. Shale, blue-gray, silty to siliceous. 

. 11 

6 

200 

4 
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Ft. 

In. 

Ft 

In. 

82. 

Coal, bony, grading upward to bone 








shale 



1 


199 

2 

81. 

Coal, blocky ., . 



t)' 

3 

198 

U 

80. 

Shale, carbonaceous . 



0 

2 

198 

9 

79. 

Limestone, laniush gray; with thin 








carbon shreds. 



0 

4 

198 

5 

78. 

Shale, black, very hard, carbonaceous, , 

‘ Unwntown i 







calcareous, (black-band?) .... 



0 

5 

198 

0 

77. 

Coal, bony 



0 

\}'i 

197 

lOM 

70. 

Shale, black, carbonaceous 



0 


197 

8 

75 

Coal, bony , . . 



0 

8 

197 

0 

74. 

Shale, black, very hard, calcareous, 








ferruginous: contains ostracods 



0 

4 

196 

8 

73. 

Shale, gray. . 


4 

3 

192 

5 

72, 

Limestone, gray, shaly. 



2 

2 

190 

3 

71. 

Limestone, gray, marly 



4 

3 

186 

0 

70. 

Limestone, "cemented breccia" 



1 

5 

184 

7 

09. 

Limestone, shaly to marly 

^ Uniontown ^ 


1 

1 

183 

6 

08. 

Limestone, composed of cemented 








nodules and fragments, fossiliferous 



1 

3 

182 

3 

67. 

Shale, gray-green, calcareous and siliceous; lower part 






not well exposed.. 


17 

0 

165 

3 

66, 

Limestone, gray, dense; upper part 








not well exposed.. 



6 

11 

158 

4 

66. 

Shale, serpentine green 

‘ Arnoldsburg ^ 


3 

6 

164 

11 

64. 

Limestone, irregularly bedded 



5 

6 

149 

6 

63. 

Limestone, nodular, weathered 



2 

10 

140 

7 

62 

Shale, green, siliceous ] 


f . 

1 

K) 

144 

9 

61. 

Shale, gray-green, sandy . J 

[ Fulton S 

i 

2 

3 

142 

6 

60 

Limestone, shaly; with some beds 








to 6'^ 



6 

6 

136 

0 

59. 

Limestone, shaly, marly 



7 

9 

128 

3 

68 

Limestone, gray, "flint clay" fracture 



5 

6 

122 

9 

57 

I.rimestone, gray, laminated, weathers 








platy 

^ Benwood ^ 


3 

9 

119 

0 

66. 

Limestone, dark gray, argillaceous, 








"fllint clay" fracture 



21 

0 

98 

0 

55. 

Limestone, gray-blue, shaly and 








marly ■ • j 



5 

6 

92 

6 

54. 

Shale, gray, carbonaceous 


1 

6 

91 

0 

53. 

Coal, shaly (or shale, coally) 



1 

3 

89 

9 

52, 

Coal, blocky . 



2 


87 

8,4 

51. 

Shale, coally, fine banded; with 








macerated plant fragments and 

- Meigs Creek ' 







mica flakes. 



0 

5!^ 

87 

3 

60, 

Coal, bright, banded ... . . 



0 

10 

86 

5 

49, 

Shale, bony and coally .... 



0 

3 

86 

2 

48. 

Clay shale, carbonaceous ... . 


0 

2 

86 

0 

47. 

Clay shale, gray, calcareous .. ... 


1 

6 

84 

6 

46. 

Sandstone, gray, micaceous, calcareous.. 


1 

1 


5 

46. 

Limestone, weathered buff; with irregular shale partings, 






Sewickley . 


9 

6 

73 

11 

44. 

Covered; indication of carbonaceous shale blossom, 






Fishpot . 


11 

1 

62 

10 
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Ft. 

In. 

Ft. 

In. 

43. 

Limestone, in 1' to 2* beds. 



' 5 

7 

67 

3 

42. 

Limestone, gray-blue, dense. 



.... 10 

0 

' 46 

6 

41. 

Limestone, weathers tan, single bed. 



.... 1 

S 

45 

3 

40. 

Shale, gray, calcareous. 



. .. 2 

2 

43 

1 

39. 

Limestone, fhin*bedded . 



.... 0 

3 

42 

10 

38. 

Limestone, gray, dense. 



.... 1 

8 

41 

2 

37. 

Shale, gray, calcareous. 



. . 0 

10 

40 

4 

36. 

Limestone, dove gray, microbanded, 








cherty fracture, weathers white 


Fishpot ^ 

. 1 

6 

38 

10 

35. 

Limestone, tan, shaly . 


0 

3 

38 

7 

34, 

Limestone, tan, dense; a few calcite 








crystals .... 



1 

7 

37 

0 

33. 

Shale, dark gray, calcareous . 



0 

2 

36 

10 

32. 

Limestone, gray-blue, "cemented 








breccia" . 



1 

1 

35 

9 

31. 

Shale, gray, calcareous 



0 

10 

34 

11 

30. 

Limestone, gray, irregular, dense, 








marly. ... 



3 

7 

31 

4 

29. 

Shale, gray, calcareous 



2 

11 

28 

5 

28. 

Coal, bony and shaly, Pomeroy {Redstone) . ... 

0 

4 

28 

1 

27. 

Shale, gray; with carbonaceous streaks 


1 

10 

26 

3 

26. 

Limestone, gray, dense, massive. 








conchoidal fracture. . . 



2 

4 

23 

11 

25, 

Limestone, gray-blue, marly; with 








shale streaks 


Redstone ^ 

. 8 

9 

15 

2 

24. 

Shale, gray, calcareous. 



1 

4 

13 

10 

23. 

Limestone, gray-blue, dense, irregular 



1 

9 

12 

1 

22 

Shale, gray, calcareous 



. . 2 

0 

10 

1 

21. 

Shale, gray, calcareous, with carbonaceous streaks. 

2 

2 

7 

11 

20, 

Coal, bony; with 








shale interl>edded 1 f . 



[ 1 

5 

6 

6 

19. 

Shale, black, bony.. / \ ... 



.. . 0 

5 

6 

1 

18. 

Clay shale, gray; "draw slate" . . 



.... 0 

4 

5 

9 

17. 

Coal, bony, canneloid.. 



1 .... 0 


5 

m 

16 

Coal, very hard, 








blocky • ' • 1 f ' ■ 



. . 1 

10 

3 


15. 

Shale, carbonaceous [ "breast" s . . 



. . 0 

H 

3 

8 

14. 

Coal, blocky, hard J [ . . 



.. 0 

3 

3 

5 

13. 

Shale, carbonaceous . . 



... 0 

H 

3 

4H 

12. 

Coal, with shaly streaks; "bearing 


Pittsburgh 






in".. . . . 



. . 0 

6 

2 

\m 

11. 

Shale, carbonaceous. 



. . 0 

H 

2 

10 

10. 

Coal, blocky. • • • ] [ • • 



.. 0 


2 


9. 

Shale parting.> “brick" < ... 



- .. 0 

Va 

2 

4^^ 

8. 

Coal, blocky .. . j i .. 



. 1 


1 

3W 

7. 

Shale, carbonaceous . 



.. 0 

H 

1 

m 

6. 

Coal, blocky; "bottom”. 



.... 1 

H 

0 

3 

5. 

Coal, shaly and bony. 



.... 0 

3 

0 

0 


Elevation base of Pittsburgh coal, 819.5 ft. 


CONEMAUOH FORMATION 

4. Clay shale, carbonaceous. 0 3 

3. Shale, sandy, ferruginous. 0 8 

2. Clay shale, gray. 5 2 

1. Covered; and limestone, fossiliferous, Upper Pittsburgh,, 6 4 
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1. Approximately 100 feet of upper Conemaugh strata, mainly Bellaire sand¬ 
stone, are exposed in the cliff beneath the viaduct but these strata are not 
included. 

18. The ‘Mraw slate** is somewhat thinner than is usual in Belmont County. 

28. The Pomeroy coal is better exposed just south of the main highway in a 
side road. It is thinner than is usual in Belmont County. 

44. The only covered part of the Monongahela section occurs here where the 
road crosses a small ravine on a fill. 

04-72. The distinction between the Amoldsburg and Uniontown limestones is 
not always clear in the absence of the Amoldsburg coal, which is not known to 
occur in Ohio;*^ unless well defined sandy beds intervene.® 

74--82. The Uniontown coal is expo^ at road level across the highway from 
the highway park, a few feet lower than the pump in the park. Of special interest 
is the limestone parting in the coal. 

90-95. The Waynesburg coal is exposed at the top of the cut opposite the 
pump at the highway park. The section from the Uniontown coal to alx)vc the 
Waynesburg is exposed in the vertical cliff and well shown is the transition from 
the calcareous character of the Monongahela Vielow the Uniontown to the clastic 
character above it. The Waynesburg coal is at road level opposite the upper 
part of the park. It has been mined in the hollow south of the road. 

101 “103. The Elm Grove limestone is exposed at road level opposite the upper 
part of the park. The contact between 102 and 103 appears to be an unconformity. 

114-117. The limestone strata at this horizon constitute the Mt Morris 
member. From St. Clairsville westward to Morristown dark, dirty, gre(?nish 
gray, ferruginous, argillaceous limestone is well developed at this horizon The 
member is present in Pultney, Richland, and Union townships of Belmont County, 
and probably extends beyond these It is present in Jefferson County;^ but in 
much reduced thickness. At Blaine Hill the Mt. Morris limestone is less ferruginous 
and does not have the dirty greenish gray color which characterizes the member 
further west, especially near Morristown in fxjntral Union Township 

120. The limestone parting in the Waynesburg “A" coal is noteworthy. 

137. The Washington coal is better exposed 50 yards south of the National 
Road on a road at the cast boundary of a cemetery. Ils thickness in this section 
is less than in much of Belmont County. 

141*153. The Middle Washington limestone is prominently exposed on the 
north side of the road in the cut west of the Bellaire Road fork. Thc‘ Creston 
ferruginous member, 144, is much better developed as an iron ore 5 miles to the 
northeast, where it was formerly mined in southeast Section 1, Pease Township. 

154-163. Because of the lateral extent of the covered interval 154, the correla¬ 
tion of the members above is less certain than could be desired. 

15(:^163. The calciireous units here called Upper Wiishington arc exposed 
in the cut at the top of the slope on the south side of the road, opposite Pullman’s 
restaurant. The beds are more or less weathered. They arc well and more 
freshly exposed in a cut one-fourth mile west along the road at a fruit stand on 
the south side of the road, in southeast Section 28, Richland Township Here 
the Upper Washington limestone is fossiliferous; the Jollytown “A” coal 6 inches 
thick, overlain by 16 feet of sandy shale and thin-bedded Jollytown sandstone. 


“Stout, W., op. cit., 1939. 

•Lambom, R* E., "‘Geology of Jefferson County,” Geol. Surv. Ohio Bull pp 244-246, 
1930. 

^Lambom, ibid., p. 269. 
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CLARENCE E. TAFT 
INTRODUCTION 

For several years the writer has had the opportunity to study the desmids of 
the Island Region of the west end of Lake Erie. First in 1933, and later while a 
member of the staff of the Franz Theodore Stone Laboratory on Gibraltar Island 
in Put-in-Bay Harbor during the summers of 1938, 1940, and 1941. Collections 
made from the open lake, shore margins, and from ponds and beach pools on the 
Islands were augmented during the interim from 1933 to 1938 by collections made 
by Tiffany during his work on “The plankton algae of the west end of Lake Erie“ 
(1934) and “The filamentous algae of the west end of Lake Erie" (1937). The 
writer gratefully acknowledges these collections, as well as many collections placed 
at his disposal by members of the fresh-water algae classes at the Stone Laboratory. 

The writer hopes that this report, the latest in a series on the algae of the region 
will lx; not only of taxonomic interest, but helpful to the student of aquatic biology. 
For the benefit of the latter the paper has been prepared in somewhat greater 
detail than would otherwise be necessary. 

Two groups remain to be reported. They are the Dinophyceae (which has 
been only superficially worked) and the Bacillariophyceae. Of the two classes, 
the representatives of the latter are far more numerous, and at times constitute 
an important bulk of the plankton. It is hoped that in the near future this group 
may receive the attention that its importance deserves, 

DESMID HABITATS OF THE REGION 

The survey was limited to a portion of an area generally known as the Island 
Region of the west end of Lake Erie and is shown on the accompanying map. 
Although some collections from islands north of this area were examined, they 
have not been reported. 

South Bass Island, on which is located the town of Put-in-Bay, is the largest 
of the Bass Islands group, and is of little interest algologically beyond the protected 
inlets located around Put-in-Bay Harbor. There are three of these inlets having 
semi-pond characteristics and known as TerwilHgers Pond, Squaw Harbor, and 
Hatchery Bay. These are protected considerably from northeast storms by 
Gibraltar Island and from northwest and southwest storms by the land adjoining 
the harbor. This protection, along with shallow water, makes them excellent 
habitats for the higher aquatics. In general they contribute interesting desmid 
collections, and are especially good for species of Cosmarium, 

Middle Bass Island, which lies approximately one mile due north of South 
Bass, contains three shallow ponds, referred to in this report as Wehrle, Fisher, 
and Haunk. These ponds have mud bottoms and are choked to such an extent 
with aquatics that, during low water levels, they become veritable marshes whose 
weedy margins afford the quiet water desirable for desmid collecting. 

North Bass Island, slightly more than one mile north of Middle Bass, contains 
two large ponds or marshes, their classification dependent upon the lake level. 


*pM)er from the Department of Botany, The Ohio State University, No. 487, and the 
Franz Theodore Stone Laboratory, Put-in-Bay, Ohio. 

^Financial aid for the^blication of the plates was granted by the Franz Theodore Stone 
Laboratory through the Director, Dr. Thomas H. Langlois. For this, as well as the many 
Laboratory facilities placed at his disposal which made passible the collections, the writer 
expresses his thanks. 
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Fox Pond is a natural depression, while Smith Pond is an abandoned carp 
propagation pond. A third, known as Mound Pond, is located near the south 
shore dock and exists only during the wetter seasons. A few beach pools in 
addition to these three ponds constitute the desmid habitats of the Island. 

Kelleys Island lies approximately six miles S. E. of South Bass. Although 
there are some swamp areas, the unique habitats of the Island are the numerous 



Map of the Islands Region of the Western End of Lake Erie. 

(Adapted from the Put-in-Bay and Kelleys Island Quadrangles 
of the United States Geological Survey.) 
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abandoned quarries. The water in these varies from a few inches in depth to- 
forty feet, lixe desmids, although never abundant in these quarries, appear quite 
frequently in the bottom ooze of the shallow watw. 

Pelee Island in Canadian water offers several varied habitats such as drainage 
ditches, abandoned quarries, canals, and Fox’s Marsh; the latter, an extensive 
peaty area almost entirely choked with aquatic macrophytes, being the most 
interesting. 

East and West Harbors are on the east shore of the mainland peninsula of 
Catawba Island which lies directly south of South Bass. These are the largest 
confined bodies of water in the region (opening into Lake Erie only through narrow 
inlets) and with their weedy maigins may be considered as shallow lakes. East 
Harbor, being more readily accessible because of regular field trips scheduled 
from the Laboratory, has received more attention than West Harbor. Aside from 
the regularly traveled channels, the water is shallow and at times one finds it 
nearly impossible to maneuver a boat because of the abundance of submerged 
and floating aquatics. Collecting becomes merely a matter of rinsing the desmids 
from the leaves and stems of these macrophytes into suitable containers. 

Of less general interest and importance are the habitats existant on the smaller 
islands of Starve, Green, Rattlesnake, Sugar, Ballast, Gibraltar, and Middle. 
The latter, which is due south of Pelee, is in Canadian water. These habitats 
are mostly temporary and may best be described as spray or beach pools whose 
existence depends on the frequency and severity of storms. 

TABLE I 


Locality 

Gsnbra 

Spbciss 

Varieties 

Terwilligers Pond . 

1 

1 


Hatchery Bay ., . 

Squaw Harbor . 

2 

5 

5 

21 

2 

10 

Wchrle Pond ... .... . 

4 

11 

9 

Haunk Pond ., . . 

4 

15 

7 

Fisher Pond . 

3 

8 

7 

Smith Pond . 

4 

11 

2 

Fox Marsh . . 

3 

2 

1 

Mound Pond, . 

1 

1 


Kelleys Island , . . . 

6 

24 

i2 

Pelee Island.. . . ... 

5 

13 

11 

East and West Harbors ... . 

9 

28 

9 

Other Habitats. . ..... . 

2 

7 

6 


THE RELATIVE ABUNDANCE OF DESMIDS 

Prior to the completion of this survey, 400 species, varieties and forms of 
algae distributed in 141 genera were listed for the region. Tiffany (1934, 1937), 
Taft (1942). With the completion of the present survey, the number is increased 
to 599 species, varieties and forms distributed in 154 genera. This number does 
not include the unverified desmid reports by earlier workers. The desmids accoimt 
for 139 of the species total, or approximately 23%. While these figures do not 
indicate a rich desmid region, they show that relatively the desmids are an important 
constituent of the algal flora. An entirely different picture i$ presented when an 
analysis of the genera is made. Of the 154 genera known from the region, only 13, 
or 8.4%, are desmid genera. The result of this descrepancy is that cme finds 
species representing one, two, or at the most, three geiiera predominant in the 
collections. Representatives of genera other than CHosterium, Cosmanumf and 
Siaurastrum are not common, llbe explanation of this phenomena is not entirely 
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clear although to one familiar with the region and with desmid distribution the 
data are not exactly irrelevant, Desmids are usually encountered in numbers 
(both genera and species) only in sandy or boggy regions where the waters are 
acid. Limestone regions with their subsequent hard water, are notoriously poor 
in the desmid flora they support. Consequently the Island Region of the west 
end of Lake Erie, with its alkaline waters (pH 7 to pH 10) should not he expected 
to yield a rich desmid flora. It is this that makes the large number of species 
present an interesting problem in distribution. 

Table I summarizes the relative abundance of the genera, species, and varieties 
of desmids in the various locations from which collections were made. 

PREVIOUS REPORTS ON LAKE ERIE DESMIDS 

There have been no reports dealing exclusively with the desmids of the region. 
Papers which have includ^ them along with other algae as well as vascular plants 
are those of Pieters (1901), Snow (1902) and Chandler (1940). As Tiffany (1934. 
1937) did not include them, this is the first attempt at a comprehensive study 
of the group. 

Unfortunately many of the previously reported species have not reappeared 
in the writers collections, although in some instances varieties of the species have 
been collected. This may partially be due to the fact that a number of the earlier 
reports were from the Portage River, which lies outside the arbitrary limits set 
for this survey. These unvenfied records are included in the following list, but are 
not described or figured. 

Closiertum aculum var. Unea Klebs. 

(Closlerium pronum Br^b. var. /tn«a Klebs, Pieters, The plants of western Lake Erie, lOOl, 
p.79.) 

Ctosterium Uneatuttt Ehren. 

Cosmartum angulosum var concinnum (Rab ) W. fir G. S. West. 

{Cosmartum meneghtni* var. concinuum Rab., Snow, The plankton algae of Lake Erie. 1902, 
p. 392.) 

Cosmartum brSbissonii Menegh. . 

Cosmartum connatum (Br^b.) DeBa^. 

{DisphincUum connatum (Br^b.) DeBary, Pieters, The plants of western Lake Erie, 1901, p. 79). 
Cosmartum crenatum Ralfs. 

Cosmartum depressum Lund. 

Cosmartum euastrouies N. 

Cosmartum kjellmanu Wille 
Cosmartum margartUferum Menegh. 

Cosmartum momliforme Ralfs. 

Cosmartum niltdulum De Not. 

Cosmartum ornatum Ralfs. 

Cosmartum punciulaium Br4b. 

Cosmartum pygmaeum Archer. 

Cosmartum ralfsn (Br^b.) Lund. 

{PUurotamopsis ratjsit (Br6b.) Lund., Pieters, The plants of western Lake Erie, 1901, p. 79.) 
Cosmarium reniforme var. compressum Nordst. 

Cosmartum tetraophtkalmum Kuetz. 

Cosmartum Unctum Ralfs. 

hinale Ralfs. 

Emsirum ohgans Kuetz. 

Buastrunu varrucosum Ehren. 

Staurd^irum avicula Br6b. 

Staurastrum broUssonu Archer. 

Staurastrdm dejsetum Br^b. 

S$aurastrum dtmtum Ehfen, 

StaurastrumgracUa Rat£a> 
oblongum N, 

Swrastfum loiiferum Ralfs. 

dtssHians Bri^b. 

laevo Nordst. var. viptuas Borge. 

(Ehmi.) R. & B. < 

iSphaarososma fiHfoffM Rab., Snow, The plankton $lgae Lake Erie. 1902, p. 892.) 
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THE DESMIDS 

The name '^desmids’' as used in this report assumes the ori^nal meaning and 
applies to the organisms now grouped in two Pamiliest the Mesotaeniaceae and the 
Desmidiaceae within the Order Zygnematales of the Class Chlorophyceae. In 
general they are unicellular plants of varied form, symmetrical in three planes 
at right angles to each other. Most of the members of the Desmidiaceae are 
divided into two equal semi-cells by a more or less prominent median constriction. 
Those of the Mesotaeniaceae, while never distinctly constricted, usually have the 
protoplasm and the plastids divided into two equal halves. The members of the 
Desmidiaceae are further separated from the Mesotaeniaceae by having their 
walls composed of two over-lapping halves instead of being continuous, and with a 
differentiated outer layer with pores. 

Because of the general availability of standard references concerning this group, 
a complete taxonomic treatment has not been attempted by the writer. However, 
the problends of the student of aquatic biology have been considered and the report 
prepared accordingly. A key to the genera, as well as brief descriptions of the 
spec'ies, has been included. Illustrations are from the writer's original camera 
lucida drawings. 

Keys to the species, if they attempt to give the necessary differentiating char¬ 
acters, become exceedingly complex, and subsequently defeat their ptirpose of 
simplification. Therefore such keys have been excluded. The student, after 
determining the genus, should work by constant reference to descriptions and 
figures. The identification of a species is best attempted from a number of indi¬ 
viduals which will give the variations, instead of from what may turn out to be a 
non-t 5 rpical individual. 


NEW SPECIES AND VARIETIES 

Seven species and seven varieties have been named and described, while one 
form has been given varietal rank. 

Closterium enense sp. nov. 

Emstrum ohioense sp. nov. 

Cosmarium eriense sp. nov. 

Cosmarium jranzsionii sp, nov. 

Cosmanum impressulum var. 5u6orIAo£ona (W, & G. S. West) Comb, nov, 

Cosmanum nitidulum var. pseudovalidum var. nov. 

Cosmarium rentforme var. seminudum var. nov. 

Cosmarium subnudiceps var, granulatum var. nov. 

Cosmanum subraciborskit sp. nov. 

Cosmanum viride var. compressum var. nov. 

Slauraslrum biarcuus sp. nov. 

Stauraslrum bicoronatum var. Iridentatum var. nov. 

Staurastrum brevtspinum var. canadense var. nov. 

Staurastrum peleii sp. nov. 

Staurastrum polytrichum Perty var. ornatum var. nov. 


KEY TO THE GENERA 

1. Filamentous. 11 

1. Unicellular (sometimes in readily disassociating filaments). 2 

2. Cell length not more than twice the breadth. 8 

2. Cell length twice the breadth, or more. 3 

3, Without a median constriction. 4 

3. With a more or less distinct median constriction.7 

4. Chloroplasts ribbon-like, axial, straight; cells in readily disassociating filaments, 

Oonatosygon 

4. Chloroplasts not ribbon-like. ... 5 

5. Chloroplasts substellate, 2 per cdl; cdls sometimes slightly curved.^Undrocjstii 

5. Chloroplasts lon^tudinally ridged, two per cell. 6 

6. Cells straight, nearly cylindrical, apices broadly rounded. Pndum 

6. Cells usually strongly curved, apices attenuatkl. Cloetavhsai 
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7. Median constriction indistinct; cells nearly cylindrical, apices broadly rounded; semi¬ 
cells not tinted at the base.Penium 

7. Median constriction distinct; cells cylindrical, apices broadly rounded to truncate; 

base of semi-cell inflated, not plicate.PleuroUenimn 

8. Cells compressed.9 

8, Cells radially symmetrical, if compressed then with apical angles produced into 

divergent processes.Staurastrum 

9, Margins of semi-cells variously lobed, apex sometimes incised. 10 

9. Margins of semi-cells seldom lobed (sometimes undulate or rrenate), sometimes with 

spines; apex not incised ... .... Counarium 

10. Lateral lobes separated by shallow incisions, apex usually deeply incised; cell wall 

variously ornamented. . ,.. Euaatrum 

10. Lateral lobes separated by deep int'isions, apex with shallow incision, or retuse, 

Micrasterias 

11. Cells united by special apical processes, compressed; filamentvS not twisted. Sphaerozoama 

11. Cells not united by apical processes. . .12 

12. Cells triangular in vertical view, median constriction distinct; filaments tw^isted, 

Desmidium 

12. Cells not triangular in vertical view. . 13 

13. Cells circular in vertical view, median constriction indistinct .. Hyalotheca 

13. Cells elliptical in vertical view, median constriction deep. Spondylosium 


SPECIES LIST 

Oonatozygon De Bary 1856 

Cells cylindrical, length 10-20 times the diameter, not constricted, apices truncate and 
slightly inflated, in filaments which readily disassociate. Chloroplasts two, axial, narrow and 
undulate, pyrenoids numerous. 

1. Gonalozygon kinahani (Arch.) Rab. (PI. I, Fig. 1) L. 136-195^, w. ll-l2At. Squaw Harbor. 

2. Gonalozygon monoiaentum De Bary (PI. I, Fig. 2) L. 101-l90j«, w. 9-10/u. Kelleys Isl. quarry 

pools, 

CylindrocystiB Men^h. 1838 

Cells cylin4rical, sometimes slightly curved, length varying to 3)^ times the diameter, 
unconstricted, apices rounded, embedded in mucilagej with two axial, stellate chloroplasts; 
pyrenoids large, one in each chloroplast, 

1. Cylindrocystis brebissonii Menegh. var. minor W. & G. S. West (PI. I, Fig. 3) L. up to 42 m, 
w. 12-13 m. Partially submerged rocks, Gibraltar. 

Penium Br4b, 1844 

Cells cylindrical to fusiform, with or without a slight median constriction, apices rounded 
or subtnmcate; chloroplasts one or two in each semicell, each a central mass with radiating 
longitudinal plates, plates entire along the margins; pyrenoids axial, one or more; cell wall with 
pores. 

1. Penium margaritaceum (Ehren.) Br^b. (PI. I, Fig. 4). L. 115-184m, w. 2I-23m> East Harbor, 
Kelleys Isl., Manila Bay. 

Pleurotfteniiim Naeg. 1849 

Cells straight, elongated, cylindrical, constricted, semicells with a non-plicate, inflated 
base; apex with or without tubercles; chloroplasts numerous, parietal, longitudinal bands. 

1. Pleurotaenium ehrenbergii (Breb.) De Bary (PI, I, Pigs. 5, 6), L. 270-520m. w. at base 27 -30m, 

w. at middle of sanicell 25-35m, w. at apex 16-1 8m, isth. 21-23m. Pelee. 

Many individuals showed a distinct shortening and tumidness of the semicells, but 
there were all gradations between these and the typical forms. 

2. Pleurolaenium trabecula (Ehren.) Naeg. (PI. I, Pig. 7). L. 360-580^, w. at base 26-n35M, w. at 

apex 20-23 m. Wdirle, Fisher, Squaw Harbor. 

Glotterium Nitzsch 1817 

Cdls elongate, more or less attenuate, slightly curved to strongly lunate, unconstricted; 
ends of cells rounded, truncate or sharply pointed; cell wall smooth or striate, colorless to brown; 
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one axial chloroplaat per semicell, each with kingitudhial, radiating ridges; pyrenoids few to 
many, axial or scattered; each end of the cell with a vacuole containing moving granules of calcium 
sulphate. 

1. Clcsterium acercsum (Schrank) Ehren. (PI. I, Fig. S). Cell wall sinoQth, colorless, often 

becoming yellow when old; ohloroplast with 14-16 ridges and an axial series of about 10 
pyrenoids. L. 340-475 m, w. 40-^m- Squaw Harbor, Hatchery Bay, East Harbor. 

2. Ciostmum calosporum Wittr. (PI. I, Pig. 0). Cell wall smooth and colorless. L. 160^, 

w. 13^, zygospore about 32 m. Kelleys Isl. 

This species is'very similar to Cl. dianae but the spore is distinctive. 

3. Clcsterium dianae Ehren. (PI. I, Fig. 10). Cell wall smooth, very pale yellow; chloroplast 

with about 4 ridges and 3-4 pyrenoids. L. 147-160 m, w. 13-14m. Kelleys Isl. 

4. Closterium eboracense (Ehren.) Turner (PI. I, Fig. 11). Cell wall smooth and colorless; 

chloroplasts with about eight ridges and 4 pyrenoids. L. 220 m, ^^m. Squaw Harbor. 

5. Chsterium ehrenbergii Menegh. (No figure). Cell wall smooth and colorless; chloroplasts 

with 10-12 ridges and numerous scattered pyrenoids. L. 420-500 m, w. 80-10 1m* Wehrle, 
Fisher, Haunk, Terwilligcr's, East Harbor, Pox. 

6. CkMtterlum edenee Taft n. sp. (PI. I, Fig. 12). Cdls of medium size, seven times longer 

than broad, strongly curved (almost 180 degrees of arc), inner margin concave, not tumid, 
gradually attenuated to broadly rounded apices; cell wall smooth and very light yellow; 
chloroplasts? L. 215 m, w. SOm, w. of apices 10 m. Squaw Harbor. 

Cl. mediocre, cellulis diametro 7 plo longioribus, ventre concavo, non distincte tumido, 
gradatim attenuate apicibus versus, apicibus rotundatis; membrana glabra, luteola. 
Long. 215 m, lat. 30 m, lat. apic. 10 m. 

Although this must stand at the present as an incompletely described species because of 
the advanced decomposition of the chloroplasts when collected, it differs sufficiently to be 
given specific rank. Its greater size and the broadly rounded apices separate it from 
Cl. panndum var. anguSium W. & G. S. West. It is larger and less curved than CL cynihia 
var. curvatissimum W. & G. S, West. 

7. Closterium gracUe Br4b. (PI. I, Fig. 13). Cell wall smooth and colorless; chloroplasts with 

about 6 pyrenoids. L, 21 Im, w. 7m. East Harbor. 

8. Closterium idiosporum W. & G. S. West (PI. I, Fig. 14). Cell wall smooth and colorless; 

chloroplasts faintly 4-ridged, with about 5 pyrenoids. L. 197-282 m, w. ^IOm. Wehrle. 

9. Closterium kiitzingii Br4b. (PI. I, Pig. 15). Cdl wall finely striate (about 12 striae per 

10m), becoming dark yellow when old; chloroplasts with about 4 ridges and 6 p3Tenoids. 
L. 273-380 m, w. 20 m. Pelee. 

JO. Closterium leibletnii Kuetz. (PI. 1, Fig. 17). Cell wall smooth and colorless, sometimes 
very light yellow; chloroplasts with about 6 ridges and 3 pyrenoids. L. 115-121 m, w. 
18-2 1m. Haunk, Hatchery Bay, East Harbor. 

This species is variable as to size and curvature, especially the latter. 

11, Closterium lunula (Muell.) Nitz. var. coloraium Klebs. Imna? (PI. I, Fig. 19). Cells quite 
large, between 7-10 times longer than broad, inner wall straight, outer wall broadly 
convex: apices broadly rounded; cell wall finely striate (10 striae per 10 m), yellow brown; 
chloroplasts with 10-12 ridges and numeroiis scattered pyrenoids. L. 330-376 m, w. 
37-44m. Squaw Harbor.. 


EXt>LANATION OP PLATE I 

Pig. 1. Gonatozygon kinahani. Fig. 2. Gonatozygon monotaenium. Fig. 3. CyUndro^stis 
brebissonU var, minor. Straight and curved cells. Pig. 4, Penium margaritacenm. rigs. 
5, 6. Pleurotaenium ehrenbergU. Pig. 7. Phurotaemium trabecula. Fig. 8a, b. Closterium 
acerosum. 8a, outline of 8b, apex. Fig. 9* Closterium calosponunt with i^gotoore. 
Fig. 10a, b. Closterium dianae. 10a, outline of cell; 10b, detail <n apex* Ftf- 11a, o, c. 
Closterium eboracense. 11a, outline of cell; 11b, semic^ll; 11c, apex. Pig. 12. Closterium 
eriense. n. sp. Fig^, 13. Closterum^ gracile, SwmeU, Fig. 14. Chsterium idtosponim. 
Semicell. Fig. 15, Closterium kAteingU. Semlceu. Fig. 16. Chsterium moniUferum, Fig. 17. 
Chsterium lehhMi. Fig. 18. Chsterium' muGUimmm, Fig* 19. Chsterium lumh var. 
coloratum lomu} Fig. 20, Closteriuiu fammhm. , ^ * 
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As this form is only one^half or one'^urd as broad as Q. lunula var. €okf 0 Hm there is 
some doubt as to its oomct systematic position. Because of the dose leaembUtnce in 
regard to other obaracters, it wM be left as a form of the variety coUroHm Kletos. 

12. Clostmum ma€&9Hhm Breb. (Ft. I, Fig. 18). Cell wall smooth and colorieas (very faintly 

yellow in old specimens); chloroplasts with 8-10 pyrenoids. L. STOja* w. 7^. Smith. 

13. ClMUriufn motfUiferum (Bory) ^iren. (H. I, Pig. 16). Cell wall smooth and colorless; 

chloroplasts with about 6 ridges and 6-6 axial pyrenoids. L. 204-810/1^ w. 27-68 m. 
Fishery Smith, Squaw Harbor, Hatchery Bay, Bast Harbor. 

14. Chsierium panmlum Naeg. (PI. I, Fig. 20). Cell wall smooth and oolodess; chlcuoplasts 

with 5-6 ridges and about 4 pyrenoids. L. 110-110^ w. 13-18 m* Wdurle, Smith, Fox* 
Squaw Harbor. 

15. Chsterium parvutum var. angustum W. & G. S. West (PI. II, Fig. 1). Cells much narrower 

and usually shorter than in the species, curvature greater; otherwise similar. L. 96-121^1 
w, 5-7 m. Hatchery Bay, Kdleys Isl., East Harbor. 

16. Closterium praelongum Br4b. (PI. II, Fig. 2). Cdl wall nearly colorless to yellow, appearing 

smooth' (Kri^er, 1035, reports 15 striae per 10 m when the wall is examined with oil 
immersion lens), chloroplasts with about 5 ridges and 10 pyrenoids. L. 860 m» w. 24m> 
Pelec, 

17. Closterium praelongum var. brevius? Nordst. (PI. II, Fig. 3). Similar to the species but 

with smaller dimensions. L. 365-410 m, w. 18m. Fisher. 

The specimens were intermediate in sise between the species proper and the variety 
brevius. They have been assigned to the variety on the basis of the ratio of the axes. 

18. Closterium pritchardianum Arch. (PI. II, Pig, 4). Cell wall finely striate (0-10 striae per 

10m), striae composed of tee punctae, often subspiral, color yellow to red-brown; chloro- 
plasta with 6-8 ridges and ateut 8 axial pyrenoids. L. d34-630Mi w. 21-37m* Haunk, 
Fisher, Mound, Squaw Harbor, Hatchery Bay. 

10. Closterium subulatum (Kuetz.) Breb. (PI. II, Fig. 5). Cell wall smooth and colorless; 
chloroplasts with 3-4 pyrenoids. L. 128-188m, w. 7-10m. Fisher, Smith. 

20. Closterium iw»i« Kuetz. (PI. II, Fig. 6). Cell wall smooth and colorless; chloroplasts ridged, 

with 2 (sometimes 3) pyrenoids. L. 76-85m, w. 0-14m. Haunk. 

21. Closterium venus var. incurvum (Br4b.) Krieger (PI. II, Fig. 7). Cell wall smooth and 

colorless, rarely yellowish when old; chloroplast with 8-4 pyrenoids. L. 30-66m, w. 
7-12u. Haunk, Smith, Squaw Harbor, Bast Harbor. 

Buostrum Bhren. 1832 

Cells variable in size, longer than broad, sometimes about as broad as long, strongly com¬ 
pressed, deeply constricted, sinus linear; semicells usually pyramidate, lateral margins variously 
lobed, center of semicetl with one or more protuberances, apex usually truncate with an incision 


EXPLANATION OF PLATE 11 

Fig. 1. Closterium parvulum var. rngusbum. Fig. 2, Closierism praelengim* Fig. 3. 
Closterium proelongum var. hremuif Pig. 4, Closterium Pritcharditmum, Fig. 6. Closterium 
subulatum. Fig. 6. Closterium venus. Fig. 7. Closterium venus var. incurvum. Pig. 8. 
Euastrum abruptum. Fig, 0. Euastrum abruptum var. lagbense. Fig. 10. Buostrum ohruptum 
var. lagbense forma? Pigs. 11,12. Euastrum bidentatum. Two cells with variable granulation. 
Fig. 13. Euastrum dubium forma? Fig. 14. BuasSesm bpiale var. hains. Fig. 16. Euastrum 
insulate var. silesiaeum? Pig. 16. Euastrum lutitemullori. Fig. 17. Euastrum ohioonse, n. sp. 
Fig. 16. Bmstrum quebecense. Fig. 19. Euastrum verrucosum var. alatum. 2D. Micra- 
sterias radiaia. Pig. 21. Mkrasterias iruncata, Heax the var. semiradeda. Fig. 22. Cosmarium 
abbreviatum. Pig. 23. Cosmarium angulare. Fig. 24. Cosmarium angulare var. cauadmse. 
Pig. 25. Cosmarium aneulosum. 26. Cosmarium aphosiickonirUm. 27, 
bipunctatum. Fig. 28. Cosmarium birome. Fig. 29. Cosmarium hiretum. Fig. 80. Cosmarium 
biretum var. minus. Fig. 31. Cosmarium birsksm var. trigibberum. Fig. 32. Cosmarium 
botryiis. Fig. 38. Cosmarium depressum var. ackondnm. Fig, 34. Cosmarium dmkdsm. 
Pig. 86. Cosmarium crenutatum var. iumiMum. Fig^ 30^ Cosmarium di^kih var. ssAlqepe. 
Fig. 37. Cosmarium eniguum? Fig. 38a, b, c. Cosmarium erioHse, n. 6p. 36a, face view of 
cell: 38b, end view; 88c, side view. 
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of variable depth; vertical view elliptic with variously disposed protuberances on either side. 
One irregularity lobed and ridged chloroplast with one or more pyrenoids in each semicell. 

J. Euastrum abruptum Nordst. (PI. II, Pig. 8). L. 38-41/1, w. 27-28/1, w. ix)lar lobe 18/i, 
isth. 6-7/1. East Harbor, 

There was some variability in the number and position of the granules, but in general 
the cells were remarkably constant. 

2. Euastrum abruptum var. Iag6ense (Nordst.) Krieger (PI. II, Fig. 9). L. 23-27/1, w. 18-21/1, 

w, polar lobe 12-14/1, isth. 4-6/i. East Harbor. 

The conical tooth on the lateral lobes of some cells was pronounced while in others 
it was lacking 

3. Euastrum abruptum var. lagdense (Nordst.) Krieger forma? (PI. 11, Fig. 10). L. 24/i, w. 18/i, 

isth, 4/1. East Harbor. 

Several cells were seen which were constant in size, and were undoubtedly variations 
of the variety lagdense. They differed by having three small granules on the margins 
of each lateral lobe and four pronounced granules within the apex on each side of the 
apical incision. 

4. Euastrum hidentatum Na^. (PI. II, Pigs. 11, 12). L. 32-41/t, w. 24-26/1, isth. 4-7/i. East 

Harbor, Pelee. 

The material, as might be expected, was quite variable. Although the general outline 
of the cells was fairly constant, there was a variation in the granulation, and 

sometimes in the granulation of the two semicells of one plant. 

5. Euastrum dubium Naeg. forma? (PI. II, Fig. 13). L. 19-23/1, w. 16-19/1, w. polar lobe 

12-1 3/i, isth, 3-5/1. Haunk, East Harbor. 

The writer doubtfully includes this as a form of Eu. dubium Naeg. As only o<’casional 
cells were encountered, the extent of its variability has not been ascertained. 

6. Euastrum binale (Turp.) Ehren. var. hians (W. West) Krieger (PI. 11, Pig. 14). L. 14-17/i, 

w. 11-13/1, isth. 3-4/1. Kelleys Isl. 

7. Euastrum insulare (Wittr.) Roy var. siksiacumf Grdnblad (PI. II, Fig. 15). L. 19-20/1, 

w. 14/1, isth. 3-4/1. Pelee. 

There appears to be some question in the minds of various workers as to the exact 
differences between Eu. binale and its varieties and Eu. insulare and its varieties. This 
material has some characters referable to both, but it has been questionably placed with 
the latter. 

8. Euastrum lutkemuUert Due. (PI. II, Fig. 16). L. 28/i, w. 21/i, isth. 7/*. Kelleys Isl. 

In outline this is almost identical to the figure given by Rich (1935) for Eu. insulare 
(Wittr.) Roy forma. The dimensions however are noticeably greater. Krieger (1937) 
includes this form in Eu. lUtkemulleri Due, In a very general way it may resemble this 
species in size and outline, but the wall characters seem to be entirely different. While 
Rich gives no clue as to the wall character or the shape of the vertical view beyond saying 
that it belongs to Eu. insulare, the Lake Erie material definitely does not have the wall 
structure of Eu. lutkemuUeri. The writer believes that the Lake Erie and South African 
material is comparable and that it should be given specific rank. Until additional material 
is available for study, it will be referred to Eu. Ultkmulkri Due. 

9. Euastrum ohloense Taft n. sp. (PI. II, Pig. 17). Cells of medium size, as broad as long, 

dimensions extremely constant, deeply constricted, sinus closed; then opening outwards; 
semicells broadly pyramidate; polar lobe with a broad cuneate depression, each angle 
furnished with small, conical teeth, about four showing on the face within each angle; 
lateral margins slightly concave, each with a slight protuberance immediately below the 
polar lobe, each protuberance showing three conical teeth along the margin and three 
within the margin; basal lobes sharply rounded, each with about five vertical rows of 
conical granules; the center of each semicell furnished with four conical granules sur¬ 
rounded by a ring of flattened, rectangular granules and one conspicuous granule immedi¬ 
ately above the isthmus; vertical view with a median tumid area showing three conical 
granules and a portion of the ring of granules, ends with about five rows of conical granules. 
L. 60/i, w. 60/1, w, polar lobe 23/i, isth. 16/i. East Harbor. 
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Cellulae mediocres, tam latae quam longae, mensiiris cons tan tissimis, alte constrictae, 
sinu clauso, deinde extra se pandente; semicellulae late pyramidatae; lobulo polare late 
et cuneatc depresso, omni angulo dentibus parvis conicisque omatis, circa quattuor in 
superficie in omni angulo aspectabilibus; margines laterales aliquantum concavi, quoque 
proxime infra lobulum polarem protuberationem parvem praebente, omni protuberatione 
tres dentes conicos secundum tnarginem et tres in margine praebente; lobuli basales 
acute rotundi, quoque circa quinque ordines recton granulorum conicicorum praebente; 
Centro omnis semicellulae quattuor granuhs coniris orbe granulorum complanatorum 
orthogoniorumque et uno granulo conspicuo proxime super isthmum circumclusis omato; 
a vert ice aspectus, area tumida media tria granula conica et partem orbis granulorum 
praebente, in circa quinque ordines granulorum conicorum desinit. Long. 60 m, lat, 60 m, 
lat. isth, 16 m. 

This desmid, with slight variations, has appeared in the writer's collections from 
Oklahoma and from fossil material in Ohio as well as from the Lake Erie Region. While 
the cell outline is constant the granulation appears to be somewhat variable in the specimens 
from the different localities. It should be compared with £«. kypochondrum Nordst. from 
which it diflfers by having a depressed polar lobe, more sharply rounded basal angles, 
slightly different granulation of the polar lobe, and different dimensions. 

10. Euastrum quehecense Irenee-Marie (PI. 11, Fig. 18). L. 55m, w. 37m, w. ix>Iar lobe 23m, 

isth. 6 m. Pelee. 

11. Euastrum verrucosum Ehren. var. alalum Wolle (PI. II, Fig. 19). L. 75-80m, w. 62--67m, 

w i)olar lobe 30~35m, isth. IO-ISm- Kelleys Isl., Pelee. 

Micrasteiias Ag. 1827 

Cell.s variable in size, greatly compressed, with a vciry deep, nearly linear, median incision; 
semicells usually five lobed; apical lobe widely cuneate; lateral lobes bilobulate; face of semtcell 
without granulate protuberances; one lobed chloroplast with many pyrenoids in each semicell 
1. Micraslerias radtaUi Hass. (PI. II, Fig. 20). L. 140m, w. 106m, w of polar lobe 89m, isth 18m. 
East Harbor. 

2 Micrastenas truncata (Corda) Br^b. near the var.* ^emiradiata Cleve (PI. II, Fig. 21). 
L. 80-88m, w. including teeth 92-96m, w. without teeth 83m, isth. 11“13m. East Harbor 
Members of the genus MtcrasUrias are rare in the Island Region of Lake Erie As 
yet there are no verified reco^d^s of the occurrence of a single species on the Islands. The 
two species reported are from the mainland, and one of these two, Af. truncata var ? is 
the only one that may be reported as abundant, 

Cosmarium Corda 1834 

Cells extremely variable in size, usually somewhat longer than broad, more or less com¬ 
pressed, usually with a fairly deep median constriction; cells variable in outline, without radiating 
processes or spines; vertical view usually oblong or elliptic, often with a central protuberance; 
chloroplasts usually axial, with one or two pyrenoids; cell wall varying from smooth to papillate, 
markings usually forming a definite pattern. 

1. Cosmarium abbreviatum Racib. (PI. II, Fig. 22). Cell wall smooth; chloroplasts axial, with 

one pyrenoid. L. 19-1 1m, w. 9-10m, isth. 2-3m. Squaw Harbor. 

The dimensions of these individuals were intermediate between abbreviatum 
Racib, and the forma minor W. & G. S. West. They have been referred to the species 
with the feeling that forma minor represents the minimum size range of the species. 

2. Cosmarium angulare Johnson (PI. II, Fig. 23). Cell wall indistinctly punctulate; chloro¬ 

plasts axial, with one pyrenoid. L. 28-30m, w. 26-27m, isth. 6-8m. Kelleys Isl., Fisher. 

3. Cosmarium angulare var. canadense Irenee-Marie (PI, II, Fig, 24). Cell wall indistinctly 

punctulate; chloroplasts axial, with one p^enoid. L. 28-29m, w. 26-27m, isth. 7-8m. 
Fisher, Wehrle, Pdee. 

Irenee-Marie (1938) states in his description that this variety is distinguished from 
the species **par Vabsence de protuberance au milieu des himisomaies, de sorte que la vue 
apicale est parfaitment elliptique.*' In the Lake Erie material which was associated 
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with the species, the vertical view diowed a slight tumid condition. In other respects it 
resembles the specimens described by Irenee-Marie. 

4. CosfMrium angulosum Brdb. (PI. II, Fig. 25). Cell wall smooth, chloroplasts axial, with 

one pyrenoid. L. 16^1, w. 14m, isth. 8-4m. Squaw Harbor. 

5. Cosmariunt aphantchondrum Nordst. (PI. II, Fig. 26). Chloroplasts axial, with one pyrenoid. 

L. 30-40m, w. 32m, tsth. 6 m. Sqiiaw Harbor, Beach pools. Middle Bass. 

6. Cosmarium bipunctatum Borg. (PI. II, Fig, 27). Chloroplasts axial, with one pyrenoid. 

L. 27'-31m* w. 25-30m. isth. 8 m. Squaw Harbor. 

7. Cosmarium hireme Nordst. (PI. II, Fig. 28). Cell wall smooth; chloroplasts axial, with one 

pyrenoid. L. 16~17 m, w. 14-15m, isth. 3-4 m. Squaw Harbor, East Harbor. 

8. Cosmarium biretum Br4b. (PI. 11, Fig. 29). Chloroplasts axial, with two pyrenolds. 

L. 64-65m, w. 60--64m, isth. 21-23 m. Smith, Dock on North Bass. 

Nearly all the specimens exhibited the open sinus, a peculiar character for this species. 

9. Cosmarium biretum var. minus Hansg. (PI. II, Fig. 30). L. 89-41 m, w. 36-38Mt isth. 1 1-12m. 

Middle Isle. 

The upper angles are rounded more than usual in this variety. 

10. Cosmarium biretum var. trigibberum Nordst. (PI. II, Pig. 31). L. 43 m, w. 43m, isth. 14 m‘ 

Haunk, Squaw Harbor, Middle Bass. 

11. Cosmartum hotrytis Menegh. (PI. II, Pig. 32). Chloroplasts axial with two pyrenoids. 

L. 60-66m, w. 50-53m, isth. 16-1 8 m. Pelee. 

This species was reported as being widely distributed in the Island Region by Pieters 
(1901) and Snow (1902). This has not been the case in the present survey where the 
writer has collected it only on Pelee Island. 

12. Cosmarium crenulatum var. tumidulum Insam & Krieger (PI, II, Fig. 36). Chloroplasts 

axial, with one pyrenoid. L. 15 m, w. 13m, isth. 3-4 m. Exact locality unknown. 

Insam & Kri^er (1936) give the dimensions of their specimens as 20,6 x 16.6 x 4.3 m. 
These are slightly larger than the dimensions of the present material. It should be 
compared to Cos. perpusiUum West from which it differs by having more rounded apices 
instead of being retusc-truncate, and by its tumid vertical view. 

13. Cosmarium deniatum Wolle (PJ. II, Fig. 34). Chloroplasts numerous, parietal, each with 

numerous pyrenoids. L. 116-142 m, w. 74--87m, isth. 26-28 m. East Harbor. 

This is an extremely large species and exhibits more or less variation, especially in 
the number and prominance of the marginal teeth. 

14. Cosmarium depressum (Naeg.) Lund. var. achorsdrum (Boldt) W. & G. S. West (PI, 11, 

Fig. 33). Cell wall finely punctulate; chloroplasts axial, with one pyrenoid. L. 33-4dM, 
w. 43-46 m, isth. 10-11 m. Wehrlc. 


EXPLANATION OF PLATE III 

Fig. 1. Cosmarium font%genum. Fig. 2. Cosmarium geomeiricum var. suecUum. 2a and 
2b show slight variations in cell shape. Fig. 3. Cosmarium globosum var. subaltum. Fig. 4. 
Cosmartum granatum. 4a and 4b show sli^t variations in cell shape. Fig. 5. Cosmarium 
granatum var. subgranatum. Fig, 6. Cosmarium hammeri var, protuberans. Fig. 7. Cosmarium 
holmiense. Fig. 8. Cosmarium holmiense forma? Fig. 9. Cosmarium impressulum var. sub' 
orthogona. n. comb. Fig. 10. Cosmarium humiU var. striatum. Fig. 11 . Cosmarium laeve. 
Fig. 12. Cosmarium laeve var. distentum forma? 12a and 12b showing variations in size and 
shape. Fig. 13. Cosmarium laeve var. octangulare. Pig. 14. Cosmarium meneghinU, Fig. 15. 
Cosmarium moniliforme var. punctata. Fig. 16. Cosmarium moniliforme var. subpyriforme. 
Fig. 17. Cosmarium HiUdulum var. pse^ovaltdum n. var. Fig. 18. Cosmarium nohile. 
Fig. 19. Cosmarium phaseolus var. elevatum. Fig. 20. Cosmarium phaseokts forma minor? 
Pig. 21. Cosmarium pokomyanum. Fig. 22. Cosmarium porUanum. Fig. 23. Cosmarium 
^eudarctoum. Pig. 24. Cosmarium pseudoprotuberans. Pig. 26. Cosmarium rectangulare. 
Figs. 26, 27. Cosmartum regnelli. The two figures show extreme variations which may occur. 
Fig. 28. Cosmarium reptelli var. minimum. Fig. 29, Cosmarium seelwnum. Fig. 30, 
Cosmarium subracihorskit n. sp. Fig. 31. Cosmarium subtumidum var. klebsii. Fig. 82. 
Cosmarium sulcatum var, sumatranum. Fig. 33. Cosmarium protractum. Fig. 34, Cosmarium 
punciulatum var. subpuncltdalum. Pig. 35. Cosmarium suhcostalum? Pig. 86. Cosmarium 
variolatum var. aUaraciarum, Figs. 87, 88. Cosmarium wide var. compressum n. var. Two 
cells which vary in shape are figwed. Pig. 39. Cosmarium subcrmuUum, Fig. 40. Cosmarium 
subcrenatumjormaf Fig. 41. Cosmarium msadrufn var. mmus. Fig. 42. Cosmarium rouiforme. 
Fig. 43. Cosmarium rentforme var. seminudum var. nov. 
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15. Cosmarium difficile (Lutk.) var. sublaeve Schroeder (PI. II, Pig. 86). Chloroplasts axial, 

with one pyrenoid. L. 21-26/i, w. 12-14^, isth. Kellis Isl. 

The Lake Erie material compares favorably with the figure of the variety given by 
Skuja (1928). Although he does not give the exact dimensions the cells it would 
appear from the magnification that they are nearly the same. Dimensions of Michigan 
material reported by Prescott and Magnotta (1936) are somewhat greater. 

16. CoBmaiiuxn eriense Taft n. sp. (PI. II, Pig. 36). Cells of medium size, slightly longer than 

broad, deeply constricted, sinus linear, closed; semicells somewhat rectangular, each with 
a broad truncate lobe just below the apical angles, each lobe with a conical granule within 
the margin of the upper angle, ^ex truncate, upper lateral margins slightly retuse, basal 
angles broadly rounded, each furnished with a single medianly placed granule; vertical 
view ellipsoid with broadly rounded ends, each side with three undulations, four granules 
visible, one on either side near the ends. Cell wall indistinctly punctate. Chloroplasts 
single, axial, with one pyrenoid. L. 36-37/1, w. 30-33 m. isth, ll/i. Pelee. 

Cellulae mediocres, paulo longiores quam latae, alte constrictae, sinu lineare clausoque; 
semicellulae eliquantum orthogoniae, quoque lobulum latum truncatum proxime infra 
angulos apicales praebente, omni lobulo granulum conicum in margine anguli superioris 
praebente, apex truncatus, margines laterales superiores aliquantum retusi, anguli basales 
late rotundati, quoque uno granulo, in medio locato, omato; a vertice visae ellipticae, 
extremis late rottmdatus, omni latere 3-undulato, quattiorgranuli aspectabiles, unus in 
utroque latere ad extrema. Nurus cellulae obscure punctatus. Chlorophyllaceae singulae, 
axiales, unum pyrenoidum praebentes. Long. 36-37/1, lat. 30-33/1, lat. isth. ll/i. 

17. Cosmarium exiguum ? Arch. (PI. II, Fig. 37). Cell wall smooth; chloroplasts axial, with 

one pyrenoid. L. 14-16/i, w. 7-^/i, isth. 6-7/i. Kelleys Isl. 

18. Cosmarium favum West (PI. IV, Fig. 1). Chloroplasts axial, with one pyrenoid. L. 62/i, 

w. 51/1, isth. 15/1. Kelleys Isl. 

The lines delimiting the hexagonal areas are extremely delicate and may only be seen 
after critical lighting and focusing. 

19. Cosmarium foniigenum Nordst. (PI. Ill, Fig. 1). Cell wall finely punctulate; chloroplasts 

axial, with one pyrenoid. L, 22/i, w, 20-21/1, isth. 6-6/i. East Harbor. 

It is almost a certainty that the writer passed over this small species in some of the 
earlier collections. Because of the curvature of the cells, the peculiar undulate character 
of the lateral margins is not readily evident when examining specimens, although the 
undulations are quite apparent in camera lucida figures. 

20. Cosmarium formulosum Hof. (PI. IV, Pig. 2). Chloroplasts axial, with two pyrenoids. 

L, 36-60/*, w. 32“42/*, isth. 9-13/*. Wehrle, Squaw Harbor. 

21. Cosmarium formulosum forma? (PI. IV, Fig. 3). L. 48-55/*, w. 44-48/*, isth. 11-13/*. 

Middle Isl. 

Although the dimensions of this form intergrade with those of the species, the majority 
of the specimens are definitely larger. Otherwise the cells are similar. 

22. Cosmarium franzstonll Taft n, sp. (PI. IV, Fig. 4). Cdls large, about one-fifth longer than 

broad, deeply constricted, sinus linear, closed; semicclls ovate-pyramidate, apex slightly 
flattened, apical angles rounded; cell wall granulate with punctulations between the 
granules, granules near the apex large, becoming smaller and more numerous across the 
center and near the base of the semicell, center of semicell with two large protuberances 
which are evident because of their granulation; vertical view broadly elliptical with two 
large protuberances on either side, granules extending down to the protuberances larger 
than those in the center or at either end. Two massive chloroplasts in each semicell, 
each with one pyrenoid. L. 60-66/*, w. 60-66/*, isth. 16-20/*, thick 32/*. Gibraltar, 
Squaw Harbor, Middle Bass, Haunk, Kelleys Isl. 

Cellulae itiagnae circa one-fifth longiores quam latae, late constrictae, sinu lineare 
clausoque; semicellulae ovato-pyramidatae, apex aliquantum oomplanatus, anguli apicales 
rotundati; murus cellulae granulatus, punctulatbnes inter granula habens, granula ad 
apicem magna, pauUatim zmnores frequentioresque trans centrum et ad basam semi¬ 
cellulae. In centro semicdlulae duae protuberationes magnae evidentes propter granu- 



No. 5 


DESMIDS OF LAKE ERIE 


195 


lationem; a vertice visae late elUpticae, duae protuberationes magnae in utroque 
aspectabiles, granulis in protuberationes maiores quam eae in centre aut in utroque 
extreme desuper patentibus. Duae chlorophyllaceae magnissimae in utraque semi- 
cellula, quaque unum pyrenoidum habente. Long. 60-65**, lat. 50-65**, lat. isth 16-20^. 

The form of the semicells, the granulation, and the widely separated central pro¬ 
tuberances separate it from Cos. turpinii and Cos. didymoprotupsum. 

23. Cosmartum gemtetricum W. & G. S. West var. suecicum Borge (PI. Ill, Pig, 2). Cell wall 

smooth; chloroplasts axial, with one pyrenoid. L. 12/*, w. ll/t, isth, 3/*. Kelleys Isl. 

24. Cosmartum globosum BuJh. var. subaltum Messikommer (PI. Ill, Fig. 3). Cell wall finely 

granulate; chloroplasts axial, with one pyrenoid. L. 35/*, w. 20/*, isth. 16/* Kelleys Isl. 

This form was rarely found in the collections. It should be compared to Cos. globosum 
var. granulaium Schmidle and also with Cos. trachypolum' West var. aequaliter-granulata 
Lutk. which has punctae between the granules. 

25. Cosmartum granatum Br^b. (PI. Ill, Fig. 4). Cell wall finely granulate; chloroplasts axial, 

with one pyrenoid. L. 23-27/*, w. 18-19/*, isth. 4-5/*. Haunk, Fisher, Smith, Squaw 
Harbor, Kelleys Isl., Pelee. 

This highly variable species is widely distributed over the region. The lateral 
margins vary from strongly convex to strongly retuse, the latter condition being exem¬ 
plified best by the individuals from Squaw Harbor. These might well be placed in the 
variety concavum Lagerh. which is considered as a local variation by some workers. 

26. Cosmartum granatum var. subgranalum Nordst. (PI. Ill, Fig. 5). Cdl wall finely granulate, 

chloroplasts axial, with one pyrenoid. L. 2.5-29/*, w. 18-21 u, isth. 4-5/*. Haunk, 
Fisher, Wehrle, Pelee. 

27. Cosmartum hammeri Reinsch var. protuberans W. & G. S. West (PI. Ill, Fig. 6). Cell wall 

finely punctate; chloroplasts axial, with one pyrenoid. L. 32-35/*, w. 25-29/*, isth. 8-10/*. 
Pelee. 

28. Cosmartum holm/tenso Lund. (PI. Ill, Fig. 7). Cell wail smooth; chloroplasts axial, with one 

pyrenoid. L. 50/*, w. 30/*, isth. 16/*. Kelleys Isl. 

29. Cosmartum holmienso Lund, forma? (PI. Ill, Fig. 8), Cell wall smooth; chloroplasts axial, 

with one pyrenoid. L. 48-50/*, w. 28-30/*, isth. 16/*. Kelleys Isl. 

The dimensions and cell outline are almost exactly those of Cos. holmiense var. 
trigonum Nordst. The vertical view, however, is oval instead of triangvdar. 

30. Cosmartum impressulum var. subortbogona (W. & G. S. West) Taft, new comb, (PI. Ill, 

Fig. 9). 

{Cosmarium suborthogona Racib., Desm. Nowe, 1889, p. 85, t. 6, fig. 29.) 

(Cosmartum impressulum forma suborlhogona W. & G. S. West, British Desmidiace.ie, 
1908, Vol. 3, p. 88.) 

Cells rather small, nearly times as long as broad, constriction deep, closed, with a 
dilated apex; semicells subsemidrcular, margin regularly eight-undulate, including basal 
angles, undulations equal, two at the apex and two on each side; vertical view elliptic, 
with a slight protuberance on each side near the middle; cell wall very finely pim(’tulate: 
chloroplasts axial, with one pyrenoid, L. 25-27/*, w. 19-21/*, isth. 4-6/*. Haunk. 

This desmid was first described by Raciborski as Cos. suborthogona and differed from 
Cos, impressulum only in the presence of the protuberances in vertical view. The Wests 
(1908) considered this to be an insufficient specific character, so placed it as forma sub- 
arthogona of Cos. impressulum. As the character appears to be constant, and as indi¬ 
viduals have now appeared in widely separated areas, the writer gives it varietal rank. 

31. Cosmarium humUe (Gay) Nordst. var. striatum (Boldt) Schmidle (PI. Ill, Fig. 10). Cell 

wall smooth; chloroplasts axial, with one pyrenoid. L, 16-19/*, w, 16-19/*, isth. 4/*. 
Wehrle, Haunk, Fisher, Smith, Squaw Har^r, 

82. Cosmarium kjeUtnani Wille var. grande WillefPl. IV, Fig. 6). Chloroplasts axial, with two 
pyrenoids. L. 46-50/*^ w. 37-39/*, isth, 11-13/*. Squaw Harbor, Dock at N. Bass. 

33. Cosmarium laeve Raben. (PI. Ill, Pig. 11), Cell wall appearing smooth, usually sparsely 
punctate, colorless; chloroplasts axial, with one pyrenoid. L. 13~14m, w. 11-12/*, isth. 
2-3/*. Squaw Harbor, East Harbor, 
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34. Cosmarium laeve var. distentum G. S. West forma? (PI. Ill, Pig. 12). Chloroplasts axial, 

with one pyrenoid. L. 14-18#*, w. 11-15#*, isth. 3-4#*. Kelleys IsL, Beach pools on 
Middle Bass. 

The cell outline is distinctly that of Cos. latve but the vertical view is tumid. The 
specimens were somewhat smaller than those described by West, otherwise they were 
.similar. 

35. Cosmarium laeve var. octangulare (Wille) W. & G. S. West (PI. Ill, Pig. 13). L. 26#*, w. 18#*, 

isth. 7#*. Pelee. 

36. Cosmarium lundeUii Delp. var. eUipticum West (PI. IV, Pig. 6). Cell wall with small sparse 

granules; chloroplasts axial, ridged, with two pyrenoids. L. 69-87#*, w. 50-57#*, isth. 
14-16#*. Fisher. 

Although smaller, these cells slightly resemble Cos, ochihodes var. aequalis Insam 
& Krieger. 

37. Cosmarium margantatum (Lund.) Roy & Biss. (PI. IV, Pig. 7), Chloroplasts axial, with 

two pyrenoids. L. 57-60#*, w. 46-48#*, isth. 18#*. Wehrle. 

38. Cosmarium meneghinii Br4b. (PI. Ill, Fig. 14). Cell wall smooth; chloroplasts axial, with 

one pyrenoid. L. 17-18#*, w. 11-14#*, isth. 3.6#*. Squaw Harbor, Beach pools on Middle 
Bass. 

39. Cosmarium montliforme (Turp.) Ralfs var. punctata Lagerh. (PI. Ill, Pig. 15). Cell wall 

finely punctulate; chloroplasts axial, with about 6-7 radiating plates, one pyrenoid 
L. 37-41#*, w. 23#*, isth. 7#*. East Harbor. 

40. Cosmarium moniliforme var. suhpyriforme W. & G S. West (PI. Ill, Fig. 16). Cell wall 

finely punctulate; chloroplasts with 10-11 flanges, one pyrenoid. L. 44—48#*, w. 25-28#*, 
isth. 11-12#*. Pelee. 

In the original description of this variety only one set of dimensions is given. Unless 
the Wests’ material was extremely constant, they saw only one specimen. While the 
dimensions of the I.^ke Erie material are distinctly greater, the writer feels that they 
IKissibly exhibit the upper limits of the size range. Material from Arkansas, collected 
by Couch (unpublished) is decidedly smaller, the dimensions being 35 x 20 x 6#* 

41. Cosmartum nitidulum De Not. var. pseudoTolidum Taft n. var. (PI. Ill, Pig. 17). Cells 

slightly longer than broad, deeply constricted, sinus linear; semicells subrectangular, 
basal angles nearly rectangular, more or less produced, upper angles broadly rounded, 
apex truncate-convex. Vertical view elliptic. Cell wall punctate. Chloroplasts axial, 
with one pyrenoid. L. 33-35#*, w. 28-30#*, isth. 6-7#*. Kelleys Isl. 

C. medio smu lineare profundo constrictum; semicellulis transverse subrectangularis, 
diametro maximo paullo supramedio, angulis inferioribus obtusis rotundatis, angulis 
superioribus late rotundatis, apicibus truncatis vel convexis; cellulis a vert ice ellipticis. 
Membrana distincte punctata. Pyrenoides singuli. Long. 33-35#*, lat. 28-30#*; lat. 
isth. 6-7#*. 

This variety is separated from Cos, nitidulum because of the rectangular or produced 
basal angles. In this respect it resembles Cos, pseudonitidulum var. validum. It differs 
from this variety by its smaller dimensions and the presence of only one pyrenoid in 
each chloroplast, the latter being a distinctive character of Cos. nitidulum. 

42. Cosmarium nohile (Turner) Krieger (PI. Ill, Fig. 18). This species was incompletely 

described as a species of Ruastrum by Turner (1802) from notes left by Dr. Wallich. 


EXPLANATION OF PLATE IV 

Fig. 1. Cosmarium Javum. Fig. 2. Cosmarium hrmulosum. Fig. 3. Cosmarium formu- 
losum forma? Fig. 4. Cosmarium franzslonti n. sp. Fig, 6. Cosmarium kjellmam var. grande. 
Fig. 6. Cosmartum lundeUii var, ellipHcum, Pig. 7. Cosmarium margaritatum. Fig. 8. 
Cosmartum packydermum var, aethiopicum. Fig. 9. Cosmarium ochtodes. Fig. 10. Cosmarium 
porrecium. Fig. 11, Cosmarium subcucumis. Fig. 12. Cosmartum subockthodes. Fig. 13. 
Cosmartum triplicatum. Fig. 14. Cosmarium subnudiceps var. granulatum n. var. Fig. 16. 
Cosmartum turpinii var. podolicum. Fig, 16. Staurastrum avicula var. subarcuatum. Pig. 17. 
Staurasirum btarcuus n. sp. Fig. 18a, b, c. Staurastrum bieneanum. Pigs. 18a and b are face 
views of the cell from different angles; 18c is the end view'. 
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Krieger (1937) has referred it to the genus Cosnuiriunt. In the original description Turner 
states, “A vertice et a latere non cl. Wallichio observatum” and irom the draw¬ 

ing it appears to have one amylum-corpuscle (large) in each semicell.'^ 

The vertical view os figured by the writer, is elliptic with slight tumid areas on either 
side, each having a distinct conical granule. This granule is also evident in face view 
and may be the "One amylum-corpusde” referred to in Turner’s description, although 
it is much smaller than the structure shown in his figure. If his statement "one amylum- 
corpuscle" does refer to the pyrenoid, then there is some discrepancy as the present 
material shows two pyrenoids. L. 17-18^, w. 17-18|i, isth, 4/i. Haunk. 

43. Cosmarium ochlodes Nordst. (PI. IV, Fig. 9). Cell wall punctate within the marginal 

crenations; chloroplasts axial, with two pyrenoids. L. 67~74>i, w. 60-56//, isth. 14-16//,. 
Pelee, Kelleys Isl. 

44. Cosmarium pachydermum Lund var. aeihiopicum W & G. S. West (PI. IV, Fig. 8). Cell 

wall punctate, punctae interspersed with very fine punctulations; chloroplasts axial, 
with two pyrenoids. L. 78--83//, w. 62//, isth. 27-30//. Pelee. 

45. Cosmartum phaseolus fir^b. var. elevatum Nordst. (PI. Ill, Fig. 19). Cell wall smooth, 

colorless; chloroplasts axial, with one pyrenoid. L. 23-25//, w. 21-23//, isth. 4-5//. East 
Harbor, Squaw Harbor, Haunk, Wehrle. 

46. Cosmarium phaseolus forma minor? Boldt. (PI. Ill, Fig. 20). Cell wall smooth, colorless; 

chloroplasts axial, with one pyrenoid. L. 17-20//, w. 16//, isth. 4//. Fisher, Pelee. 

The shape of the semicells of this form is almost exactly that of Cos. phaseolus var. 
reclangulare Insam & Krieger (1936) but the dimensions are about half those of this 
variety. In size and cell outline it is very near forma minor Boldt as figured by Skuja 
(1928) and Irenee-Marie (1938). 

47. Cosmarium pokornyanum (Grun.) W. & G, S, West (PI. Ill, Fig. 21). Cdl wall sparsely 

punctate; chloroplasts axial, with one p 5 rreooid. L. 33-35//, w. 18-19//, isth. 10-11//. 
Kelleys Isl. 

This species should be compared with Cos. laeve var. septentrionale WiUe from which 
it differs by having a rhomboid-ovoid vertical view and a shallow sinus. 

48. Cosmartum porreclum Nordst. (PI. IV, Fig. 10). Cell wall with minute pores between 

the granules; chloroplasts axial, each with one pyrenoid. L. max. 64-73//, 1. min. 57-62//, 
w. max. 69-83//, w. min. 51-67//, isth. 21-23//. East Harbor. 

49. Cosmartum parttanum Arch. (PI. Ill, Fig. 22). Chloroplasts axial, with one p3rrenoid. 

L. 33-37//, w. 24-27//, isth. 9-10//, East Harbor. 

50. Cosmarium protractum (Naeg.) De Bary (PI III, Fig. 33). Chloroplasts axial, with two 

pyrenoids. L. 33-46//, w. 30-37//, isth. 9-10//. Haunk, East Harbor. 

51. Cosmarium pseudarcioum Nordst. (PI. Ill, Fig. 23). Cell wall smooth, colorless; chloro¬ 

plasts axial, with about 4-5 radiating plates and one pyrenoid. L. 19-20//, w. 14//, isth. 
10-11/i. Kelleys Isl. 

52. Cosmarium pseudoprotuberans Kirchn. (PI. Ill, Fig. 24). Cell wall appearing smooth, but 

with very fine punctulations; chloroplasts axial, with one pyrenoid. L. 26-27//, w. 
23-24//, isth. 5-6//. East Harbor. 

63. Cosmarium punciulatum Br<5b. var. subpunclulatum (Nordst.) Borges (PI. Ill, Fig, 34). 
Chloroplasts axial, with one pyrenoid. L. 32/i, w. 30//, isth. 7//. Kelleys Isl. 

54. Cosmarium quadrum Lund, var. minus Nordst. (PI. Ill, Pig. 41). Chloroplasts axial, with 

two pyrenoids. L. 44//, w. 35/i, isth. 14/*. Haunk. 

55. Cosmarium reclangulare Grun. (PI. Ill, Fig. 25). Cell wall punctate; chloroplasts axial, with 

one pyrenoid. L. 42^//, w, 34-35//, isth. 11-12//. Pelee. 

56. Cosmarium regnelli Wille (PI, III, Figs. 26, 27), Cell wall smooth; chloroplasts axial, with 

one pyrenoid. L. 17-18//, w. 14-17/*, isth. 4-6//. Smith, Wehrle, Fisher. 

I^ure 26 is that of Cos. regnelli Wille, while Figure 27 illustrates one of the more 
extreme variations. In all cases the Lake Erie material possessed a tumid vertical view, 
a condition which has not been generally reported. However the figures of this species 
by Insam and Krieger (1936) show the vertical view as either elliptic or tumid. Since this 
character is used in distinguishing varieties of other species, future studies may result 
in the segregation of a variety on the basis of the tumid condition. 
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fi7. Cosmarium regneUi var, fninimum Eichl. et Gutw. (PI. Ill, Fig, 28). Cell wall smooth; 
chloroplasU axial, with one pyrenoid. L. 11 -Hm, w. 11-12^, isth. Wehrle. 

Specimens of this variety, as in the species, were tumid in vertical view. They 
resemble closely the figure given by Messikommer (1935). 

58. Cosmarium reniforme (Ralfs) Arch, (PI. Ill, Fig. 42). Chloroplasts axial, with two pyrenoids. 

L. 4Bm( 44^, isth, 14^*. Haunk. 

59. Cosmarium reni/orme var. seminudum Taft n. var. (PI. Ill, Fig, 43). Semicells granulate 

only in upper part, granules extending in oblique series from near the basal angles to 
the middle of the apex, from which a granulate area extends downward nearly to the 
center of the semicell which is furnished with one large conical granule, cell otherwise not 
granulate: vertical view oblong-rectangular with broadly rounded ends, lateral margins 
slightly concave With one large granule on either side, ends with six or seven rows 
of granules, these granulate areas being connected by two separate series of two or three 
rows of granules across the end of the cell, median portion of vertical view without 
granules. L. 46-48^, w. 41 m, isth. 14 m. Squaw Harbor. 

Semicellulae granulatae solum in parte superiore, granuli in serie obliqua de loco 
propter angulos basales ad medium apicem, a quo area gmnulata prope ad centrum 
semicellulae, uno granule magno'conico praeditae, desuper patet, cellula aliter non 
granulata; a verttce visae oblongo-orthogoniac, extremis late rotundatis, margines 
laterales aliquantum concavi, unum granulum magnum in utroque latere haventes, in 
sex aut septem ordines granulorum desinit, his gramilis duabus seriebus separatis duorum 
aut trium ordinum granulorum trans extremum cellulae inter se coniunctis, pars media 
a verticc vi.sa sme granulis. Long. 46-48m, lat 41m, 1 at. isth 14m 

60. Cosmarium seelyanum Wolle (PI. Ill, Fig. 29) Chloropla.sts axial, wth one pyrenoid. 

L. 28m, w. 23m, isth. 0-^7m. Eawst Harbor. 

The original figure and dest'ription of this species (Wolle, 1884) shows the upper angles 
of the semicells to be slightly more produced and the dimensions of the cells a little greater 
than in the Lake Erie material. Otherwise they are comparable. 

61. Cosmarium subcostatum? Nordst. (PI. Ill, Pig. 35). Chloroplasts axial, with one pyrenoid. 

L. 32m, w. 27m. isth. 7m. Middle Isl. 

The original figure of this species by Nordstedt (1876) shows a curved row of granules 
just below the granulate central protuberance. Later figures by other workers do not 
always show this row of granules. As the writer did not see enough of this material to 
determine the variations, it has been doubtfully assigned to this species 

62. Cosmartum suberenatum Hantzsch (PI III, Fig. 39). Chloroplasts axial, with one pyrenoid. 

L. 23m, w. 19m, isth. 7m. Kelleys Isl. 

63. Cosmarium suberenatum forma? (PI, III, Fig. 40). Chloroplasts axial, wfith one pyrenoid. 

L. 21-26m, w. 19“23m, i.sth. S-Om. Squaw Harbor. 

64. Cosmarium subcucumis Srhmidle (PI. IV, Fig U). Cell wall smooth; chloroplasts axial, 

with two pyrenoids L. 55-'60m, w 35^37m, isth 14-1 9m Kelleys Isl., Pelee 
66. Cosmarium subnudiceps West & West var granuUtum Taft n. var. (PI, IV, Fig, 14). Cel! 
wall densely granulate, granules not arranged m series. L. 50-,'>4m, w. 41 -43m, isth. 
10-1 1m. Kelleys Isl., Pelee, East Harbor. 

Membrana granulata. granulis non regulariter ordinatis. Long. 50-54m, lat. 41-43m, 
isth. IO-IIm. 

This variety differs from the species by having the cell wall which borders the sculp¬ 
tured areas covered with small granules. The dimensions are also somewhat greater. 

66. Cosmarium subochlhodes Schmidle (PI. IV, Fig. 12). Cell wall with small granules; chloro* 

plasts two, axial, each with one pyrenoid, L. 64m, w. 50m, isth. 16m. Haunk. 

67. Cosnurluffl subrmciborskH Taft n. sp. (PI. Ill, Pig. 30). Cells slightly broader than long, 

deeply constricted, sinus open; semicells transversely elliptic to nearly fusiform, lateral 
angles sharply rounded; cell wall minutely granulate, granules arranged in 18-20 vertical 
series across each semicell; vertical view narrowly elliptic with a' slight median pro¬ 
tuberance on either side, ends sharply rounded; a single chloroplast with one pyrenoid in 
each semicell. L. 23-27m, w. 25 -^Om, isth. 5-7m. Squaw Harbor, Kelleys Isl., East 
Harbor. 
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C. paullo latius quam longius, profundo sinu ampliato constrictum; seixikellulis 
transversis ellipticis vel fere fusiformis, angtilis lateribus acutis rotundatis; membrana 
granuHs (Verrucis minutis) in 18-20 series perpcndiculares ordinatis. Semicdlulae a 
vertice aspectae elHpticae medio utrimque tumidae. Massa chlorophyllacea singulae, 
pyrenoidae singulae. Long. 28-27/u; lat. 25-30iu, lat. isth 5-7/i. 

In general appearance this species stands near Cos raciborskii. However its dimen¬ 
sions are only slightly more than one-half those of Lagerheim’s spec'ies. The grantilation 
is in distinct vertic’al series while that of Cos. raciborskii is described as "series oblique 
desussatas regular!ter." Differences are also apparent in vertical view in which the 
Lake Erie material exhibits slight but distinct median protuberant'es and sharply rounded 
ends, 

68. Cosmarium sulcatum Nordst. var. sumatranum Schmidle (PI. Ill, Fig. 32). CeJl wall smooth; 

chloroplasts axial, with one pyrenoid L. 39m. w. 29-32m, isth. 9m* Kelleys I si. 

The dimensions of the present material are somewhat greater than those given by 
Schmidle (1895). Otherwise the material is comparable. 

69. Cosmarium subtumidum Nordst. var. klebsii (Gutw.) W. & G. S. West (PI. Ill, Fig. 31) 

Cell wall smooth to very finely punctulate; chloroplasts axial, with one pyrenoid 
L. 32m, w. 25-28m, isth. 7”9m. Squaw Harbor, 

70. Cosmarium trtplicatum Wolle (PI. IV, Fig. 13). Chloroplasts axial, with two pyrenoids. 

L. 44-46m, w. 3G'37m, isth. 11'-12m. East Harbor, Kelleys Isl. 

The original figure of this spec*ies by Wolle (1884) left much to the imagination con¬ 
cerning the central granulation. It was not until West (1898) had examined and figured 
numerous specimens from various parts of the United States that the true nature of the 
cell wall was recognized. 

71. Cosmarium iurptnii Br^b. var, podolicum Gutw. (PI. IV, Fig. 16). Chloroplasts axial, with 

two pyrenoids. L. 67-64m. w. 50-53m, isth. 12-1 4m. Wehrle, Fox, Fisher, Pelee. 

This vanety is rather widely distributed in the Island Region. The specimens from 
Pelee Island had a flat granulate apex and very slight double turners. 

72. Cosmarium variolatum Lund. var. cataractarum Racib. (PI. Ill, Fig. 36). Chloroplasts 

axial, with one p>Tenoid. L. 37-43m, w. 25-30m, isth. 6-7m. Fisher, Wehrle, Squaw 
Harbor, Gibraltar, Kelleys Isl. 

The lateral margins of the semicells vary from convex to retuse, although usually 
straight or convex. It should be compared to Cos. granatum var. oscellatum G. S. We.st 
whi(’h is not tumid in vertical view. 

73. Cosmarium vtride (Corda) Josh. var. compressum Taft n. var. (PI. Ill, Figs. 37, 38). Cells 

rather small, slightly constricted, sinus obtuse; semic-ells obovate-circular with slightly 
depressed apices. Vertical view compressed circular. Cell wall finely but distinctly 
granulate, granules arranged in concentric rows within the margins of the semicells. 
Chloroplasts axial, with one pyrenoid. L. 30-32m, w. 18~22m, isth. 12-1 4m. Kelleys Isl. 

SemicelluHs depressis obovatis-circularis; a vertice aspectis compressis circularis. 
Membrana granulis minutis, in series concentricas dispositis praedita. Long. 30-32m; 
lat 18-22m; lat. isth. 12-14m. 

Beca’use of an inadequate description, the identity of Colopella viridis Corda remains 


EXPLANATION OF PLATE V 

Fig. ]. Staurastrum bicoronatum var. tridentatum n. var. Fig. 2. Staurastrum hrevtspinum 
var. canadense n var. Fig. 3. Staurastrum chaetoceras. Fig. 4. 5/attro^/rMm crenulatum. 
Fig. 6 . Staurastrum cusptdatum. Fig. 6. Staurastrum floriferum? Fig. 7. Staurastrum furci- 
gerum. Fig. 8. Staurastrum granulosum. Fig, 9. Staurastrum orbiculare. Fig. 10. Staurastrum 
ornatum var. asperum. Fig. 11. Staurastrum paradoxum. Fig. 12a, b, c. Staurastrum peleii n. sp. 
12a, face view; 12b, upper surface of semicell; 12c, lower surface of semicell. Fig. 18. 
Staurastrum polymorphum. Fig. 14. Staurastrum punctulaium var. Hellmanii. Fig. 16. 
Staurastrum sebaldt var. ornatum. Fig. 16. Staurastrum s trio latum. Fig. 17 Staurastrum 
tetracerum. Fig. 18. Staurastrum setigerum. Fi^. 19a, b, c. Staurastrum polytrichum var. 
ornatum. n, var. Fig. 19a, face view; 19b, end view; 19c, detail of spine. Fig. Hyalotheca 
mucosa. Fig. 21. Desmidium swartzii. Fig, 22. Spondylosium luetkemuUeri? Fig. 23. Sphaer- 
ozosma granulatum. 
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somewhat questionable. Joehua (1885) discovered a plant from Pictoti^ Nova Scotia, 
which he referred to Corda's specks and included it in the genus CpwwarviMi. His figure 
indicates that the wall was punctate. Turner, during the same year (1685), reported 
Cosmaritm cordanum Bidb. from Nova Scotia. Hiis was the same deamid as reported 
by Joshua as Cos. vindis (Corda) but in his description Turner states **CeU-coat lii^tly 
granular or punctate. End view circular," The West's in their British Desmidiaceae 
(1608) report the species and a forma minor West. Again the cell wall is described as 
punctate. The dimensions of West's forma minor are almost exactly those of the present 
material while in all recorded cases those of the species are distinctly greater. Also 
the vertical view of the species as well as of West's forma minor has been consistently 
reported as circular while the Ohio material is consistently compressed. Because of these 
differences the Lake Erie material has been given varietal rank. 

Stauraslrum Meyen 1829 

Cells of variable size, usually as broad or broader than long, usually radially symmetrical, 
median oonstnction more or leas deep; semicells variable in outline, with the angles frequently 
produced into ddngafe, hollow processes, 2-12 radiate in vertical view; cell wall smooth to granu¬ 
late, or with variouriy arranged spines or verrucae; chloroplasts one per semicell, axial, with 
radiating lobes, and one pyrenoid. 

1. Staurastrum aviada Brtfb. var. subarauUum (Wollc) W. West (PI. IV, Fig, 16). L. 36-87^, 

w. 38-40|i, isth. 0-10^. Wehrle. 

2. Stauraatrum biarcuna Taft n. sp. (PI. IV, Pig. 17). Semicells truncate- pyramidate, base 

convex, apex retuse, sides straight, sinus deq>, rapidly opening outward; cell wall granu¬ 
late, granules arranged in concentric series about the angles; each basal angle furnished 
with two vertically arranged teeth, the lower somewhat smaller than the one above; each 
apical angle furnished with a single, broad, conical granule. Vertical view triangular; 
each angle exhibiting a single tooth-like granule; sides straight or slightly convex, sharply 
retuse at the center. Within the vertical view farmed by the basal angles, and an exact 
miniature, is the smaller vertical view of the apical angles. L. 35-^36^, w. 32-^84^, isth. 
14ju. Kelleys Isl. 

Semicrilulae truncato-pyrimidatae, basis oonvexa, apex retuses, lateres recti; sinus 
altus, rapide extra se pandens; murus cellulae granulatus, granulis in seriebus concentricis 
circum angulos disp^tis; omnis angulus basalis duobus dentibus a vertice posftis 
praeditus, inferiore paulo minore quam superiore; omnis angulus apicalis granulo aingulo, 
lato, conicoque pra^itus. A vertice visae triangulae; omnis anguluB granuhim singulum 
denti simile praebens; lateres recti aut aUquantum convexi, acute retusi ad centrum. 
In apsectu a vertice angulis basalicibus facto, et tabella minuta exacta, est aspectus minor 
a vertice angulorum apicalum. Long. d5-ddM, lat. 32-34#r l^t. istb. 14^* 

This species should be compared to Si, paniculosum WoUe which has two small teeth 
at the end of each basal angle. It differs from WoUe's species in its opeir instead of a 
closed sinus, the presence of granules on the upper angles, and the retuse sides in 
vertical view. 

3. Stauraslrum bicoronatum Johnson var. trldentatum Taft n. var. (PI. V, Pig. 1). Apex of 

semioells distinctly elevated; each lateral process in vertical view with three short spines. 
L. 23^, w. 38-^3ju, isth. 4-6 m- East Harbor. 

Varietas type paullo major; semicellulis apicibus convexis; a vertice aspectae pxocessi- 
bus lateralis cum tres spinis brevis. Long. 2^; lat. 38^13 m; lat. isth. 4-6^. 

This variety differs frum the npedcB by having three short instead of two long spines 
terminating each lateral prcx^ess. The dimbnsiona are also somewhat greater while the 
apex of the semicell is more convex. It differs from the variety described by West (1896) 
by having more ornamentations, and esperiatly by the presence of the drcUlariy arranged 
verrucae around the apex. 

4. Stauraslrum bienoanum Raben. (PI. IV, Fig. 1#). Cell waU finely granulate, two larger 

granules at each angle. L. 31 -i82m, w. 80-8d«(t, Isth. 7^. Kell^ Isl. 

5. Staurastrum bretdspinum Br4b. var. ctnadanse Taft n. var. (Pi. V, Fig. 2). This variety 
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differa from ^ spoctoB by having depressed-hexagonal umioellB with rather acute lateral 
angtas. Cell wall obacunty granulate, 4&'-48a» w, 44^* brth. O-lOfi. P^ee. 

Haec varietas differt a t 3 rpo setnicellulis depresso-hexagonis, angulis lateralibus acutis. 
Membrana gnaulata obscure. Long. 46-48^; lat. 44a; Int. isth. 2-10^. 

6. Staurasirum ckatiouras (Schroeder) G. M. Smith (PI. V, Pig. 3). L. plus processes 40-75^1. 

1. minus processes 18-2S>i, w. plus processes dO-TSa* w. minus processes 14^16^. isth. 
4r*7a. Hatchery Bay. 

7. StaurasifUfn crmukUum Delp. forma? (PI. V, Fig. 4). L. 21^, w. 38^1 isth. 5^. Wehrle. 

8. StauraHrum cuspidatum Br4b. (PI. V, Pig. 5). L. 18-20Mt w. minus spines isth. 

4-6m. Smith. 

9. Siauraslrum Jhrifenm ? W. & G. S. West (PI. V, Fig. 6). L. 34-46^1 w. plus processes 

48-50m» isth. 7-9 m* Wehrle, Smith, Haunk. 

The original figure of thk species by West (1895) illustrates a specimen which was 
much less robust than any seen by the writer. The sculpturing of the wall, however, is 
nearly identical. 

10. Staurasirum Jurciferum Br4b. (PI. V, Fig. 7). L. minus processes 41^, w. plus processes 

5fr-37Mi isth. 13u. Psiee. 

11. Slaufa$tfum ^anutotum (Ehren.) Ralfs (PI. V, Pig. 8). L. 27-32^* w. 25~32 m, isth, 10-14^. 

Kelleys Isl. 

13. ^utastrum erbkukure Ralfs var.? (PI. V, Pig. 9). L. 43 mi w. 40m, isth. 11 m. Pelee. 

13. Staurasirum ornaium Turner var. asperum (Perty) Schmidle (PL V, Pig. 10). L, 2&-28 m» 

w. 87 m> isth. 8-10 m. Pelee, Bast Harbor. 

14. Staurasirum paradoxum Meyen (PI. V, Fig. 11). L. minus processes 28-29 m, w. plus processes 

53u, w. minus processes 13-15 m, isth. 7 m* Hatchery Bay. 

15. Statumstrum pel^l Taft n. sp. (n. V, Pig. 12). Cells of medium size, square or slightly 

rectangular in face view; sinus deep and closed; semicdls horizontally rectangular, with 
three apical angles continued into two short, truncate, vertically amuiged processes, basal 
angles broadly rounded and furnished with three concentric rows of granules, three 
granules of which show along each margin; vertical view of semicell triangular, each 
angle triiich represents the basal angle of the semicell broadly rounded, superimposed and 
projecting beyond this angle is the lower of the t4o vertically arranged processes, bearing 
at margin three conical teeth and a row of three smaller granules within the margin, 
within this process is a bidentate protuberance corresponding to the upper of the two 
volically arranged processes; basal view of the semicell triangular, angles broadly rounded, 
the margins furnished with one (rarely two) large conical teeth and two smaller granules 
on either side, and with two concentric rows of granules within the margin of either angle; 
sides in vertical view sharply retuse at the center. L. 37-39 m, w. 37-39m, isth. 16 m. 
Pelee. 

Cellulae mediocres, quadratae aut aliquantum orthogoniae a fronte visae, sinu alto 
clausoque; semicetlulae ad libram orthogoniae, tribus angulis apicales in dua prominentia 
brevia, truncate, a vertice disposita extentis, anguli basales late rotundati, tribus 
ordinibus concentricis granulorum praediti, ex quibus tria granula secundum utrumque 
marginem videri possunt; semicellula a vertice visa triangula, omne angulo, qui est idem 
^ cum angulo basale semicellulae, tete rotundato, superimpositum et trans hunc angutum 
projectum est superius duorum prominentium a vertice dispositorum, tree dentes (yonicos 
«t ordinem trium gratiulorum minorum in margine gerens, in hoc prominente est pro- 
' tuberatio bidentate superiori duorum prominentium a vertice dispositorum par; semi- 
cdluta a bast irisa triangula anguli late rotundati, nmrgines uno aut raio duobus dentibus 
magnis oonkiaque et duobuS granulis minodbus in utroque latere et duobus ordinibus 
concentricis grantdonun in margine utrique angtdi omati, lateris a vertice visi in centro 
acute retusi. Long. 37-39 mi lat. 37‘-39 m, tet. isth. 16 m. 

16. Staurasirum polymarpkum Br4b. (PI. V, Fig. 18). L. 28-30 m, w. 35-46m, isth. 7-9 m. Haunk, 

Bquaw Harbor. 

17. Stt^urastrum polytrichum Perty var. ornaiitm Taft n. var. (PI. V, Pig. 19). Cells slightly 

longer than brdad^ apices truncate instead of rounded; spines mostly curved, attached to 
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truncate, conical protuberances of the waU. Otherwise as in the species. L. minus 
spines 58>i, w. minus spines 5frn57Mt w. plus spines 66-67/i, isth. 21ft, spines 4.5-^.5m* 
Pelee. 

Cellulae paulo Icmgiores quam latae, apices truncati, non rotundati; spinae plerumque 
curvatae, protuberationibus truncatis conicisque muri aptae. Lon^. 58ft, lat. 66-67f(, 
lat. isth. 21 m> 

18. Staurastrum punciulatum Br4b. var. kjdlmanii WiUe (PI. V, Pig. 14), L. 39mi w. 30fi, 

isth. 13fi. Kelleys Isl. 

19. Staurastrum sebaldi Reinsch var. ornalum Nordst. (PI. V, Pig. 15). L, 63fi, w. plus processes 

96ft, w. minus processes 21fi, isth. I 4m* East Harbor. 

20. Staurastrum setigerum Cleve (PI. V, Pig. 18). L. 35^9m, w, 39-46mp isth. Hm* Squaw 

Harbor, Wehrle, Haunk. 

Somewhat smaller than usual, but with the typical arrangement of spines. 

21* Staurastrum striolaium (Naeg.) Arch. (PI. V, Pig. 16). L. 19-2 Imi w. 18-23m, isth. 8m* 
Wehrle, Haunk, Smith, Kelleys Isl. 

22. Staurastrup tetracerum Ralfs (PI. V, Fig. 17). L. plus processes 25-27m, 1* minus piocesses 
10-1 1m» w. plus processes 28-'30m, w. minus processes 7-9m, isth. 5m* East Harbor. 

Sphaeroxotma Cor da 1835 

Celts small, flattened, deeply constricted, with an open sinus, united in long, twisted filaments 
by means of short apical appendages. One chloroplast and one pyrenoid in each semicell. 

1. Sphaerozosma granulatum Roy & Biss. (PI, V, Fig. 23), Cdl length 9- 10m, w. 9-1 1m, isth. 
4-5m. Smith, 


Spondylosium Br4b. 1844 

Cells flattened, often deeply constricted, sinus open, variable in shape, apices truncate, 
concave or convex. Vertical view elliptic, tumid-dliptic or triangular. Cells united by the 
apposition of the apices into filaments. 

1. Spondylosium luetkemuelleri? GrOnblad. (PI. V, Fig. 22). Cells of medium size, deeply 
constricted, sinus open. Vertical view elliptic, slightly tumid on dther side. Cell wall 
smooth. Chloroplasts axial, each with one pyrenoid. 

These specimens have been doubtfully referred to Spondylosium luetkemuelleri on the 
basis of cell shape, size and chloroplast structure. Only two cells were seen and they were 
not united. Such peculiar shaped cells, if united in filaments, would dissociate readily. 
This may have happened in the writers collections. 

Hyalotheca Ehren. 1840 

Cells nearly cylindrical, length and breadth about the same, constriction broad and shallow, 
united into long filaments which are enclosed by a "gelatinous sheath; each semtcell with one 
axial chloroplast having radiating ridges and one pyrenoid. 

1. Hyoloiheca mucosa (Mert.) Ehr. (PI. V, Fig. 20). Cell waU with two parallel rows of granules 
just within the apices. Filaments usually enclosed within a broad gelatinous sheath. 
Cell length 16-21m, w. 18-20m, isth. 16“18m. East Harbor* 

Deamldium Ag. 1824 

Cells united in twisted filaments, usually with a broad gelatinous sheath, depressed, broader 
than long, with a distinct median constriction; 3^ angled in vertical view (sometimes ovoid or 
citriform). One chloroplast and one pyrenoid in each semicdl, 

1. Desmidium swarttii Ag. (PI. V, Fig. 21). Filaments triangular, twisted. Cell length 18m, 
w* 44-46 m, isth. 37-4 Im* East Harbor. 
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Mainqniiigi of Civilization 

Biological inheritance, cultural endowment and physical environment mould civilizations. 
None of these can be said to be more important than the others, as all are essential. In his 
fascinating new book, Mainsprings of Civilization, Professor Huntington impartially discusses 
the effects of these factors in the determining the course of civilizations. He introduces the 
term kith to describe a group of people closely knit together by blood and culture. Numerous 
kiths are discussed and compared m some detail. Special attention is given to the New England 
Puritans, Jews, Quakers, Junkers, the Parsis of India and the nomads of Arabia. He makes an 
especially interesting comparison of the Newfoundlanders and Icelanders. The latter have a 
moib advanced culture, in spite of grater handicaps of physical environment. He believes 
. the differences must be due largely to oiological inhentancc. 

Numerous aspects of physical environment are discussed. Weather, diet, rel^on, climatic 
cycles, environmental cycles and their bearing on civilization are all given careful consideration. 
An interesting chapter deals with psychological reactions to weather. Discovery of the use of 
6re,'^the invention of windows, the better shuter and clothing have resulted in centers of progress 
moving from regions where optimum temperatures occur in winter to those where summer tem¬ 
peratures are the most favorable. The nutritive values of the diets of various nations are com- 
p£U^, in which respect Rumania and Russia arc far below Italy, and even lower than Japan. 
Unusual topics, such as animal reproductive cy;cle8 and their possible relationship to amount 
of ozone in the atmosphere are given some attdiitipn. Climatic cycles and migrations are treated 
> in some detail. 

Mainsprings of Civilization is a comprehensive and entertaining presentation of upto-date 
information in this immense field. It represents more than twenty years of research by the 
author and deserves to be widdy read.—C. Rife, 

MaUtnrings of dvOizathm, by Ellsworth Huntington. 660 pp. John Wiley and Sons, 
Inc., Nw Vorl. 1945. $4.76. 
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REPORT OP THE EXECUTIVE COMMITTEE AND COUNCIL 

The one important item handled by the Executive Committee and not reported below 
as a matter of Council action was the decision to omit the annual meeting; for 1046. This 
decision was due to the restriction placed by the United States Government on meetings of 
large groups, for the purpose of conserving travel facilities. Since the war in Europe has 
ended it seetnp unlikely that another meeting will have to be omitted. 

The Council has violated two constitutional provisions by holding only one meeting and 
by acting without a quorum. No doubt the members of the Academy will recognize that the 
national emergency made the irregularity unavoidable. 

At the meeting in Columbus on April 7, 1945, President Carmen called the group to order 
and alter the roll call a motion by Dr. F. H. Krecker that the sixteen members present act as 
a quorum was duly passed. 

The possibility of providing a seal for use on certificates presented to participants in the 
Junior Academy was discussed at some length. Dr. Paul Rothemtmd moved that the Academy 
furnish certificates and that its official seal embossed over a gold star be used on these 
certificates. 

This discussion led to the consideration of relations with the Junior Academy in general, 
with a suggestion that outstanding contributors to regional meetings be encouraged to take 
part in the state meeting and that certificates be awarded to all such participants rather than 
for the outstanding contributions at the state meeting. Dr. Krecker then proposed as an 
amendment to the motion that a committee of three be appointed to handle the matter of 
Junior Academy sponsorship. Dr. Blaydes seconded the amendment and the amended motion 
was passed. 

The Council approved the principle that the Secretary and Treasurer should not leave 
office in the same year, in the interest of some continuity in the membership of the Executive 
Committee. 

A long discussion of the relations of the Ohio Journal of Science and the Academy, dealing 
chiefly with payment for the publication of the Proceedings and the address of the Retiring 
President beyond the normal contribution of the Academy for the support of the Journal 
brought out' a request from Dr. W. L. Evans for the report of the Editorial Board. This 
report showed that the Journal has felt the pressure of increased cost of publication, partly 
met by an increase in the contribution from the Ohio State University from 1760.00 to IIOCS.OO 
per year. The total income from the Academy is uncertain until membership dues are paid, 
but should be between $900,00 and $1000.00. On motion of Dr. .E. L Yowell, seconded by 
Dr, Krecker, the Council approved payment for the publication the two items for 1944. 
Dr. G. W. White then moved that the Council instruct the Academy Representatives on the 
Joint Administrative Board to take up the question of specific payment for these items in 
the future. Dr. Krecker amended to consider the entire question of Academy st^»port of the 
O. J. S. and the amended motion was passed. 

Dr. Krecker moved that all officers for 1944-46 be asked to continue in office for the Coming 
year. The motion was duly seconded and passed unanimously. 

The following members were elected to follows^p: 

James H. Rodabaugh PRANas Lss Utley Claaekce Waei> 


206 



No. 5 


ANNUAL REPORTS 


207 


The following new members were elected: 
Myron A. Bachtbll 
John W. Bsmnett 
Arthur H. Buckle 
C. E. Cooper 
Henry P. Bonner 
Edward J. Dury 
Albert J. Esselstyn 
Lloyd W. Frost 


Henry E. Cray 
Lysle R. Kirk 
J. R. Lockett 
Jaues F. Pepper 
Newbell Niles Puckett 
G. W. Prescott 
Charles V. Reichart 


Dr. Krecker proposed that a definite deadline be set for applications for grants from the 
research fund, all applications then to be considered together on a basis of relative merit. 

The publication of obituary notices at intervals through the year was suggested in lieu 
of the usual inclusion of these notices in the aimual report. 

Dr. C. E. Toft reported on the Research Fund, mentioning a gift from Dr. Herbert Osborn 
of 1100.00, designated for the purchase of a bond, and the Council unanimously voted its thanks 
to Dr. Osborn. 

Respectfully submitted, 

A. W. Lindsey, Secretary. 


REPORT OF THE TREASURER 


Columbus, Ohio, July 10, 1M5. 

To the Ohio Academy of Science: 

I submit herewith a financial statement of the condition of the Ohio Academy of Science 
as of December 31, 1944. The books have been audited and the opinion of the auditor is 
herewith attached. 


Respectfully submitted, 

Clarence E. Taft, Treasurer. 


Ohio Academy of Suence Balance Sheet as at December 31,1944 


Current Expense Fund: 


Assets 


Cash in Bank. 

Interest Receivable. 

Bonds Owned: 

Federal Farm Loan 1944^ (Cost) . 
War Savings Bond, Series P (Cost). 


.$ 763 39 

. . 19.60 

.11,300.00 
. Ill 00 


Total Bonds Owned. .1,411 00 


Total Asset8“CuiTent Expense Fund.12.188.89 

Research Fund: 

Cash in Bank.$ 363 76 

*Banc*Ohio Securities Company Stock (Cost). 437 60 

Bod4b Owned: 

*Port Hayes Hotel, Columbus, Ohio (Cost).$1300.00 

U. S. War Savings Bond—Series G. 100 00 


Total Bdnds Owned. 1,400.00 


Total Assets—Research Fund . .2,191.26 


Total Assets .$4,376.16 


*8ee Note, page 208. 
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LlABUJTlES AND NbT WOATH 

Current Expense Fund: 

Liabilities: 

Accounts Payable. ... I 210.29 

Deferred Credit: 

1945 Dues Collected in 1944. 15 00 


Total Liabilities and Deferred Credits. I 225.29 

Net Worth: 

Ohio Acadenw of Science: 

Current Expense Fund Surplus . . $1,958 60 

Research Fund Surplus. . 2,191 26 

Total Net Worth. .. 4,149.86 


Total Liabiuties and Net Worth . $4,375.15 

NOTE: Market values as follows: 

^Bsnc-Ohio ^curities Company (25 shares). . , $ 500.00 

Bonds—Fort Hayes Hotel Company. , 780.00 


Total. . .... ..$1,280.00 


Ohio Academy op Suence Statement of Income and Expense 
For the Year Ended December 31, 1944 


Income; 

Dues—^Membership_ 

Grants for Research , 
Sale of Publications. 
Interest on Bonds 
Miscellaneous— 


Current Expense Fund 



$1,410 00 
165.00 
12.56 
30.00 
.10 


Total Income . .$1,626.66 

Operating Expenses: 

Subscriptions—Ohio Journal of Science. .$748 60 

Printing: 

Proceedings—Ohio Journal of Science . - $196.29 

Other Printing. 101.77 


Total Printing 

Research Grants . , , . 

Postage. 

Office Supplies and Expense. 

Expenses—Officers and Committees, etc... 
Secretary’s Honorarium , . 

Auditing Expenses,. 

Bond of the Treasurer. 

Safety Deposit Box Rent. 

Bank Charges,. 


297 06 
165.00 
24.51 
23.85 
5.78 
100.00 
15 00 
5 00 
3 60 
2,89 


Total Operating Expenses.1»391,19 

Excess of Income over Expenses.$ 235,47 

Research Fund 

T wpnui? ■ 

Cash Received.$ 243.98 

War Savings Bond—Series G.*. 100.00 


Total Income.$ 343.98 

Expenses: 

Grants for Research. 125.00 


Excess of Income over Expenses 


$ 218.98 
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AUDITOR'S CERTIFICATE 

Columbus, Ohio, July 1, 1946. 

To the Ohio Academy of Science: 

Gentlemen; —In accordance with your instructions, I have audited the accounts and 
records of the Current Expense Fund of the Treasurer of the Ohio Academy of Science for the 
year ended December 31, 1944. 

I did not audit the Research Fund. 

1 hereby certify that, in my opinion, the books and records kept on a cash basis are in 
accord with accepted accounting; principles. 

In my opinion, the accompanying Balance Sheet and the Statement of Income and Expense 
for the Current Expense Fund fairly presents the financial condition of the Ohio Academy of 
Science as at December 31, 1944, and the results of operations for the year ended at that date. 

Respectfully submitted, 

Daniel W. Shonting, 

Certified Public Accountant. 


REPORT OF THE JOINT ADMINISTRATIVE BOARD OF THE 
OHIO JOURNAL OP SCIENCE 

Columbus, Ohio, December 21, 1944. 

To the Ohio Academy of Science: 

A special meeting of the Joint Administrative Board of the Ohio Journal of Science was 
called on December 21,1944, by the editor at the request of the business manager. The meeting 
was called to order by Chairman Dr. Snyder. Present were Drs. Snyder and White, rep¬ 
resenting The Ohio State University, and Drs. Evans and Anderson, representing the Ohio 
Academy of Science, and Drs. Blaydea and Miller, representing the Ohio Journal of Science. 

Dr. Miller presented a partial financial report for Vol. 44, point mg out the fact that the 
cost of production of the current volume had exceeded the income for the year 1944. The 
manager requested the board to take the necessary action to avoid a repetition of a similar 
condition in the coming year. ‘ 

Dr. White moved that the Ohio State University be requested to increase its contribution 
from $760.00 to $1000.00. This motion was seconded by Dr. Evans and was passed by a 
unanimous vote. 

Dr. Evans moved that the Ohio Academy of Science be requested to contribute, beyond 
its normal payment of dues, a sum sufficient to continue the Journal for 1945, but not to exceed 
the additional amount contributed by the University. The motion was seconded by Dr. 
Anderson. In the discussion that followed considerable emphasis was placed upon the long 
history of the Journal and its position among scientific publications. The motion was 
unanimously adopted. 

Dr. Snyder moved that the Editor and Business Manager continue to publish the Journal 
on the present basis, for the next three issues, pending the outcome of the request to be made 
of the University and the Academy. 

Dr. Blaydes reported on available manuscripts and made a plea for additional papers. 
'Each member of the board was urged to act as a committee of one to aid in securing desirable 
papers. 

There being no furiher business to come before the board at this time, the meeting was 
adjourned. 

Respectfully submitted, 

John A. Miller, 
Secretary of the Board, 

Columbus, Ohio, April 6. 1946. 

The ammal meeting of the Joint Administrative Board of the Ohio Journal of Science 
was held at Columbus, Ohio, April 6, 1946. The meeting was called to order by Chairman 
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Snyder. Present were, Dtb. Snyder wmI White, r^nesenting the Ohio State University, Dr. 
Evans, representing the Academy, and Drs. Blaydes and Miller, representing the Journal. 
Dr. Anderson was unable to attend. 

The minutes of the preceding meeting were read and approved. 

It was moved, seconded and passed that Drs* Blaydes and Miller be retained as Editor 
and Business Manager respectively, for the year 1945-46. 

Drs. Snyder and White were appointed to audit the accounts of the Journal for the 
year 1946*-46. 

Chairman Snyder called for a report from the Editor. Dr. Blaydes* report is herewith 
attached. The acceptance of the report was moved by Dr. Evans and seconded by Dr. White. 
The report was unanimously accepted. 

The Chairman called for a report from the Business Manager. Dr. Miller’s report was 
in the form of a financial statement for Volume 44 of the Ohio Journal of Science, a copy of 
which is herewith attached. It was called to the attention of the board that the cost of print¬ 
ing and distrilmting the Journal for the past year exceeded the income by S388.62. 

The greatest single factor incident to the deficit was the decrease m revenue from the 
Academy. The Academy paid into the treasury the Journal $1,211.43 in the year 1943 and 
$748.60 in the year 1944, The total income from all sources to the Journal during 1944 was 
$282.09 lees than received by the Journal during the year 1943. 

The simple facts are, the cost of production of the Journal as represented by the six issues 
of Vol. 44, has exceeded the income for the corresponding period of time. The Journal is not 
at the present time in debt; this is due to the fact that economies were effected in time to 
reduce costs to a minimum, and that sufficient operating capital had been accumulated to take 
care of just such an emergency. That capital has now been reduced to $127.69, an amount 
insufficient to meet expenses incurred during the first few months of each publication year. 

Financial Repoet op the Ohio Journal of Science 


Fiscal Year 1944 

Receipts' 

Balance from 1943.$ 466.31 

University Allowance. .... 760 00 

Ohio Academy of Science—pro rata of Dues. . 748.60 

Subscriptions. 97.60 

Sale of Back Numbers. 38.80 

Author’s Payment for Plates. 169.26 


$2,270 36 

Check Outstanding (Mailing Dept., No. 422 ) . 10 86 


$2,281.21 

Expenditures: 

Spahr and Glenn Co., Printing Vol. 44, Envelopes and Stationery. . .$1,760 86 

Bucher Engraving Company . 302 20 

Postmaster. 30.00 

0. S. U. Mailing Department. 16.86 

Bank Charges. 1 60 

Clerical Assistance. 41.00 

Refiuid on Foreign Subscription. 2.60 


$2,163.52 

Balance on hand, March 1,1945 (Huntington National Bank). 127.69 


12,381.21 

The business manager wishes to call attention to the board and through the board to the 
Academy the many difilculties which war conditions have precipitated. The Journal must 
look to the University and to the Academy to bolster its financial structure and insure its 
continuation. The University has responiisd by increasing its contribution as requested, 
from $760.00 to $1,000.00. I now ptessnt to the Academy the request as xeecmmeBded by 
the board in their December meeting, tiiat this off anlsatfon assume its hUl fihmncial obfigation 
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in supporting the continuation of the Journal as the official organ of the society. It is antici¬ 
pated that the Journal will require a minimum of $1,000.00 from the Academy to insure the 
publication of Vol. 45. 

Dr. White moved the approval of the report of the Business Manager, the motion was 
seconded by Dr. Evans, and passed by a unanimous vote. 

A motion presented by Dr. White, seconded by Dr. Evans and passed by the board is as 
follows: The board desires to express its appreciation for the faithfulness and efficiency of the 
Editor and Business Manager in peipetuating a commendable publication under the most 
trying circumstances. 

There being no further business to come before the Board, it was adjourned. 

Respectfully submitted, 

John A. Miller, 
Secretary of ike Board. 


REPORT OP THE LIBRARY COMMITTEE 

Columbus, Ohio, April 6, 1945. 

To ike Council of the Ohio Academy of Science: 

The sales of publicstirnis amounted to $11.60, with nine cents sales tax. No sales were 
made during the first five months of the year and only ten sales were made during the entire 
year, five to individuals, three to book dealers and two to libraries. 

A few foreign publications have been coming regularly on exchange and several others 
are now beginning to resume their sendings. Only this week the library received a very large 
shipment of Swedish publications and also a letter from the New York office of the Swedish 
government stating that facilities have now been made available for the resumption of ship¬ 
ments of exchange literature and that as soon as practical arrangements can be worked out we 
will be informed how to send our publications to Sweden. A letter from Chungking asks that 
we replace the National Central Library on our mailing list as the American postoffice has now 
resumed parcel delivery to China. It is very probable that similar letters will continue to 
come. Our part of the exchange can be carried out whenever it is safe to make shipments and 
whenever the censorship regulations will permit. > 

Respectfully submitted, 

Ethel Melsheiher Miller, Chairman. 


REPORT OF THE COMMITTEE ON NECROLOGY 
I. RcttXAND David Fox. 

Rolland David Fox died suddenly October 24, 1943. At the time of his death, Professor 
Fox was Associate Professor of Bacteriology at Akron University, a position he had held since 
1937. While still an undergraduate, he was made Student Assistant in the Department of 
Biology at Akron University. His studies were internq>ted by World War I in 1918. How¬ 
ever, he received his Bachelor of Science degree from the University in 1921, In that year 
|ie became a Graduate Assistant in Bacteriology, and in the following year was advanced to 
the rank of Instructor. In 1923 he was granted the degree of Master of Science, having com¬ 
pleted “A Sanitary Survey of Summit Lake and Tributaries." He became Assistant Professor 
of Bdoteriology in 1925r'.and Associate Professor in 1987, which position he held at the time 
of his death. 

In 1926 he was appointed Director of the Division of Laboratories in the Akron Health 
Departmmt, which he continued to occupy in conjunction with his position at Akron University. 
He had also been lecturer in bacteriology at ^kron City Hospital since 1923. Holding a 
commission in the U. S. Army Reserve Cotps, he attended army medical school at Carlisle 
Barracks during 1928 and 1^ and was awarded a certificate by that institution. He was 
U. S. Army Laboratory Officer, 108 General Hospital, in 1929; 

Professor Pox was a member of the Ohio Academy of Science, Society of American 
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BaeterioloKidtSp A. A. A. S., A. A. U» Pv, Interdaticmsl Awociatioo Medicftl (Miio 

ABBOoUtum Sanitarians, American Chemical Society, and the American Commiaskm for the 
Standardization of Biological Stains (Geneva). He was also district examiner for the American 
Medical Association. 

He was one of the founders of Eta chapter of Phi Sigma at Akron University, and was a 
member of Phi Delta Theta fraternity, serving later as faculty advisor. 

He was bom at Peninsula, Ohio, on February 10, 1800. He is survived by his widow and 
one daughter, Frederica. 

II. Eugene Warren Mendenhall. 

Eugene Warren Mendenhall died March 24, 104A, at Columbus, Ohio, after an illness of 
several weeks. He had been associated with the Ohio Department Agriculture for 37 years, 
and at the time of his death was State Nursery Inspector. 

Mr. Mendenhall was bom in Knox County, Ohio, and was graduated by Ohio State Uni* 
versity Ck>llege of Agriculture in 1808. He was a member of the American Association for the 
Advancement of Science, and the Archaeological and Historical Society of Ohio, Entomological 
Society of America, as well as the Ohio Academy of Science. 

Surviving members of his family are his wile, two daughters, two grandchildren, his 
brother, and two sisters. 

III. John R. Peters. 

The very promising geological career of John R. Peters was cut short early in July, 1943, 
when pneumonia caused his death in a week. 

He was a most enthusiastic and capable young investigator, and his death is a sad loss both 
to friends and to science. He was especially interested in the broader aspects of stratigraphy 
and sedimentation. Sedimentary petrography, and the geology of the Arizona desert occupied 
most of his hours. 

After a year and a half as a Graduate Assistant and junior colleague at the University 
of Cincinnati, Mr. Peters went to Earlham College as an Instructor in Geology on a temporary 
appointment. He became a great favorite students at Earlham, and showed every indication 
of making good use of his academic opportunities. At the end ct this appointment, he returned 
to Cincinnati as petrographer at the testing laboratory of the U. S. Army Engineers. 

His research material and technical library has been preserved against the war release 
of one of his close geological friends who evinced an interest in seeing certain aspects of the 
work brought to publication. 

Mr. Peters had received the degree of Bachelor of Science from the University of New 
Mexico. He had also attended the (College of the City of New York, and North Carolina 
State College. 

Respectfully submitted, 

Prbdbiuck H, Krbcksr, 

OuUrman^ Committu on Necrology, 
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CONSTITUTION AND BY-LAWS 

(As revised at the Business Session of the Annual Meeting, April 14, 1089, and further Amended 
at the Annual Meetin£:8 of May 9, 1941, April 18, 1942. and April 29. 1943.) 


Article I—Name 

This organisation shall be known as The Ohio Academy of Science. 

Article II—Objkcts 

The objects of this Academy shall be the promotion of research in the various departments 
of science and the diffusicm of scientific knowledge. 

Article III—Membership 

1. Classes of Members —The Academy shall be composed of Members, Fellows, Honorary 
Fellows, Honorary Life Members, and Patrons. 

2. Members — 

a. Members shall be persons interested in scientific work. See By-Laws, Chap. I. Secs. 

1 and 2. 

b. Life Members* See By-Laws, Chap. Ill Sec. 2. 

c* Hmorary Life Membership* This membership is an honor to be conferred upon an active 
member of long standing who has rendered distinguished service to the Academy. 
Their number shall not exceed five. See By-Laws, Chap. I, Part 3. 

3. Pelloms —Fellows shall be members who are engaged in productive scientific work. 
See By-Laws, Chap. 11, Secs. 1 and 2. 

4. Honorary Fs/Zcwr—Honorary Fellows shall be persons distinguished for their attain¬ 
ments in science, who are not active members of the $hio Academy of Science, but whose life 
or work has some basic connection with Ohio. Their number shall not exceed twenty-five. 
See By-Laws, Chap. II, Secs. 3 and 4. 

6. Pofroiij—Patrons shall be persons who have bestowed important favors upon the 
Academy. See By-Laws, Chap. II, Secs. 6 and 6. 

fi. Fo/err—Only Members, Fellows, and Patrons resident in Ohio shall be entitled to vote 
in the Academy. For Sectional Voting Privileges see Art. VIII, Sec. 3. 

7. Officers —Only Fellows resident in Ohio shall be eligible to office and to membership in 
the Council of the Academy. 

Article IV— Officers, Council and (^MMirrEBs 

1. The officers shall be a President, a Vice-President for each Section organised, 
a Secretary, and a Treasurer. 

2. Council— 

a. The Council thall be composed of the President, Secretary and Treasurer of the 

Academy, thp two most recent Past Presidents, the Chairman of the Trustees of the 
Research ]Ehmd, the Chairman of the Committee on Conservation, the Librarian, 
the Academy Representatives on the Joint Administrative Board and the Editor 
and Business Manager of the Ohio Journal of Science, the Vice-President and the 
Membership Conunitteeman of each organised Section as provided for in Article IV, 
Section Sd, and Article VI, Section and at intervals the retiring Secretary. 

b. The Council shall have an Executive Committee consisting of the President, Secretary. 

Treawii^ and two Council members elected by the Council. 

c. Per duties of Council, see Art V, Sec. 6. 
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3. Librarian —The Academy Librarian shall be one of the members of the Library Staff 
of the College or University which is the depository for all Academy publications, including 
the exchanges. He shall be the chairman of the Library Committee. For appointment see 
Art. V, Sec. 7. For term of ofl5ce see Art. IV, Sec. 8c. 

4. Historian —The Academy Historian shall gather and preserve material pertaining to 
the history of the Academy. 

6. Committees — 

a. Executive, For membership see Art. IV, Sec. 2. For duties see Art V, Secs. 2, 5, and 7; 

and By-Laws, Chap. IV, Sec. 2a. 

b. Membership. The Membership Committee shall consist of one Fellow from each Section 

of the Academy, who shall be elected by the Section. See Art. VI, Sec. 2b. For 
duties see Art. V, Sec. 8. For Chairman see Art. VI, Sec. 2b. 

c. Nominating. The retiring Vice-Presidents of the various Sections shall constitute 

the Nominating Committee of the Academy for the Annual Meeting next following 
their retirement. For duties see Art. V, Sec. 3, and Art. VI, Sec. 1. For Chairman 
see Art. VI, Sec. 2b. 

d. Program. The Program Committee shall consist of the Secretary, and the Vice- 

Presidents of the various Sections. See Art. V, Secs. 3, 4d, and 10. 

e. Library. The Library Committee shall consist of the Academy Librarian and the two 

members of the Joint Administrative Board of the Ohio Journal of Science. See 
Art. V, Sec. 16c. 

f. Publications. The Publications Committee shall consist of the Secretary of the Acad¬ 

emy, who shall be Chairman, and the two Academy Representatives of the Joint 
Administrative Board of the Ohio Journal of Science. See By-Laws, Chap. V, 
Secs, 1-6. 

g. Conservation. The Committee on Conservation shall consist of nine members elected 

in accordance with the provisions of Art. IV, Sec. 7, and Art, VI, Secs. 1 and 2. For 
duties see Art. V, Sec. 11. 

h. Necrology. A Committee on Necrology shall consist of three members elected in 

accordance with Art. IV, Sec, 8b, and Art. VI, Secs. 1 and 3. For duties sec Art. V, 
Sec. 12. 

i. Resolutions. The Committee on Resolutions shall consist of three members elected 

in accordance with Art. IV, Sec. 8, and Art. VI, Secs. 1 and 2. For duties see Art. V, 
Sec. 13. 

6. Trustees of Research Fund—Three trustees elected in accordance with Art. IV, Sec. 7, 
and Art. VI, Secs. 1 and 2, shall be designated Trustees of the Research Fund. For duties 
see Art. V, Sec. 14. 

7. Joint Administrative Board of the Ohio Journal of Science —The Academy shall have two 
representatives on the Joint Administrative Board of the Ohio Journal of Science, elected in 
accordance with the provisions of Art. IV, Sec. 8c, and Art. VI, Secs. 1 and 2, For duties sec 
Art. V, Sec. 16. See also By-Laws, Chap. V, Sec. 2, 

8. Terms of Office—The President, Secretary, Treasurer, Trustees of the Research Fund, 
Members of the Committee on Conservation, Academy Representatives on the Joint Admin¬ 
istrative Board, and the Members of the Committees on Necrology and on Resolutions shall 
be elected by the Academy at the Busmess Session of the Aimual Meeting upon nomination by 
the Nominating Committee or from the floor of the Meeting in accordance with Art. VI, 
Secs. 1 and 2. 

a. The President, Secretary, and Treasurer shall be elected annually. The President 

may not succeed himself. 

b. The members of the Committee on Necrology and of the Committee on Resolutions, 

the Trustees of the Research Fund, and the members of the Committee on Conserva¬ 
tion shall be elected for a term of three years; one member of the Committee on 
Necrology, one member of the Committee on Irresolutions, one Trustee, and three 
members of the Committee on Conservatimi being elected each year. 
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c. The Academy Representative on the Joint Administrative Board of the Ohio Journal 

of Science shall be elected for a term of four years, one Representative to be elected 
biennially. They shall not be members of the Ohio State University. 

d. Members of the Membership Committee, one from each Section shall be elected 

annually by the Sections. The President shall designate the Chairmen of the 
Membership and Nominating Committees. 

e. The term of office of the Academy Librarian and Historian shall be determined by the 

Council. 

f. Vacancies. See Art. V, Sec. 7b. 

Article V—Duties of Officers, Council and Committees 

1. President —The President shall discharge the usual duties of a presiding officer at all 
General Sessions of the Academy and at all meetings of the Council. He shall keep himself 
constantly informed on the affairs of the Academy and on its acts and those of its officers; 
and he shall cause the provisidns of the Constitution and By-Laws to be faithfully carried into 
effect. He shall also give an address to the Academy at the Annual Meeting of the year for 
which he is elected. See also Art. IV, Sec. 8d, and By-Laws, Chap. VII, Sec. 3b. 

2. Absence of President —The duties of the President in case of his absence or disability 
shall be assumed by one of the Vice-Presidents designated by the Executive Committee of 
the Council, 

3. Vice-Presidents — 

a. The Vice-Presidents, elected as provided for in Art. VI, Sec. 2b, shall be Chairmen 

of their respective Sections. 

b. They shall, with the Secretary acting as Chairman, constitute the Program Committee 

to arrange for the presentation of papers at the Annual Meeting. 

c. Each retiring Vice-President shall transmit to the Secretary the names of the incoming 

Vice-President and Membership Committeeman of his Section. 

d. The retiring Vice-Presidents shall constitute the Nominating Committee for the follow¬ 

ing year, as provided in Art. VI, Sec. 1. For chairman of the Committee see Art. IV, 
Sec. 8c. I 

4. Secretary — 

a. The Secretary shall keep the records of the prot^eedings of the Academy, the Council 

and the Executive Committee. He shall maintain a complete list of the Members of 
the Academy with dates of their election to the different classes of membership and 
their separation from the Academy. 

b. He shall cooperate with the President in attending to the ordinary affairs of the 

Academy, and shall have charge of the preparation, printing and mailing of circulars, 
blanks, notifications of election, announcements of meetings, etc. 

c. Together with the Academy representatives of the Joint Administrative Board of the 

Ohio Journal of Science, he shall superintend the publication of the Annual Report 
and any other printing ordered by the Council or by its executive committee. 

d. He shall be the chairmcm of the Program Committee as constituted in Art. IV, Sec. 5d. 

e. After each Annual Meeting the Secretary shall send to each incoming member of the 

^ Council a copy of the Constitution; to each incoming Vice-President a list of the 

voting members of his Section, giving the latest address of each, and indicating which 
of these meml^rs are Fellows. 

f. Upon retirement as Secretary, he shall automatically continue to serve as a member of 

Council for a term of one year. 

5. 7>tfaxwref—The Treasurer shall have the custody of all the funds of the Academy. 
He may, at his discretion, deposit the funds in a bank (which is a member of the Federal Insur- 

^ ance Deposit Corporation), but he shall not inv^t them without authority of the Council or 
of its Executive Committee. He shall keep an account of receipts and disbursements in detail, 
and these accounts balanced as of the first of January of each year, shall be audited as herein¬ 
after provided. See By-Laws, Chap. IV. 
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6. Cotmcil^ 

a. M$etAtgs. The CottncU meet at leoet twice eadi year, ooee on the cipeamg day 

of the Amtual Meeting of the Academy (which shall be knowh as ^ Atmual Meeting 
of the Cotmcil) and once on a <hite, set by Ihe Baeoutive Committee, at least sixty 
days prior to this Annual Meeting. Special meetings of the Council may be called 
by the President, or by any five members ^ the Council. See By-Laws, Chap. VII, 
Sm. 1 and 2. 

b. Duties, The Council shall be the responsible executive and legislative body of the 

Academy, and shall have aU power in keeping with such responsibility. See Art. IX; 
and By-Laws, Chaps. I, Sec« 2; II, Secs. 2, 4, and 6; IV, Sro. 2a. 

7. Executive Committee —See Art. IV, Sec. 2b. 

a. The Executive Committee is clothed with the executive authority and legislative 

powers of the Academy in the intervals between the regular meetings of the Council. 
No act of the Committee shall, however, remain in force beyond the next meeting 
of the Council unless ratified by the Council. 

b. The (Committee shall have the power to fill vacancies ad interim in any of the offices 

of the Academy. 

c. It shall select and nominate to the Council for its action an Academy Librarian whenever 

necessary. 

d. Other duties, see By-Laws, Chap. IV, Secs. 2a and 4. 

8. Membership Committee —The Membership Committee shall seek to secure new 
members for the Academy, pass upon the qualifications mentioned in the aj^lications, and make 
report with recommendations to the Council. As provided in Art. IV, Sec. 2, each Membership 
Committeeman is abo a member of the Council. 

9. NominaUng Committee —See Art. IV, Sec. 5c and Art. VI, Sec. 1. 

10. Program Committee —The Program Committee shall have charge of the arrangements 
for the papers and other details of the General and Sectional Sessions of each Annual and 
Special Meeting of the Academy, these papers and arrangements to be announced in the Official 
Program immediately before the Meeting. See Art. IV, Sec. fid. 

11. Committee on Conjertw^tiw—The Committee on Ckmservation shall consider the 
various possibilities for the conservation of the natural resources of the State and the 
preservation of the native fauna and flora, including among other effective methods the 
formation of State Parks in areas of scenic, biologic, ot geologic interest; it shall cooperate 
in all possible ways with other societies, institutions and State officers in the promotion of 
these objects. See Art. IV, Sec. fig. 

12. Committee on Necrology—The Committee on Necrology shall inform itself of any 
deaths among the members of the Academy, that may occur during the year; and it shall 
report these deaths to the Academy at the Business Smion of the next Ammal Meeting. It 
shall also prepare obituaries of such members for publication m the Annual Report and Pro¬ 
ceedings of the Academy. See Art. IV, Sec. fih. 

18. Committee on ResolutionsSee Art. IV, $ec. fid. (In view of the suggestions which 
were made at the meeting of the Council <m May 8,1941, for enlarging the duties of this Com¬ 
mittee, the wording of this Section has not yet been formulated.) 

14. Trustees of the Research Fund^The three Trustees of the Research Fund shall have 
charge of the allotment and distribution of the income or of the principal of the Research Fund 
and ctf any additional gifts for research. See Art, IV, Sec. 6. 

15. Academy Representatives on the Joint Adminietrative Board of fhe Okk> Journal oj 
Science—The^ representatives shall have the foitowing duties; 

a. Tltey are jointly responsibki with the two fOpfenotativea appointed by the President 

of the Ohio State University for the adminis^tioR cA the afifaivs of tibe jfounial, and 
for the appokitment annually of the Editor and Business Manager of the JottmaL 
As provif^ in Art. IV, Sec. 2, they ase Mubbeci of the Oounoil. 

b. Together with the Secxetary they shall cqnstltttte tiie Publications Committee at the 

Academy. This committee shall have chaige of the preparation and publication of 
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thft Annual Reportr Ptoceedinsa^ Special Papers and such other Academy papers as 
the Council may consider it desirable to publish. See By-Laws, Chap. V. 
c. Together with the Academy Librarian they shall constitute the Library Committee, 
of which the Libraiian shall be ^e chairman. This Committee shall advise with 
the Librarians of The Ohio State University on all questions arising in connection 
with the management of the Library of the Academy, deposited with The Ohio State 
University Library, and in connection with the distribution of the publications of 
the Academy. 

AancLB VI—Nominatiok and Elbchon op Officbrs 

1, JVommafiofu—The Nominating Committee shall nominate a candidate for each office 
to be filled: vis., ommally, President, Secretary, Treasurer, one Trustee of the Research Fund, 
one member each of the Committees on Necrology and Resolutions, three members of the 
Committee on Conservatum, and biennially, i.e., in the odd years, one member of the Joint 
Administrative Board of the Ohio Journal of Sciems. 

2. EUciions — 

a. The nominatums shall be submitted to the Academy at the regular Business Session 

of the Annual Meeting. See By-Laws, Chap. VII, Sec. 8b. 

Election shall be by ballot; a majority vote of the Academy members present shall be 
necessary for election. For Quorum see Art. VII, Sec. 4. 

b. Each regularly organized Section of the Academy shall elect by ballot its representative 

on the Membership Committee, who shall be a Fellow. This member in the following 
year shall become the vice-president of his section. The President shall then 
designate the chairman of the Membership and Nominating Committees. See Art. 
IV, Sec. fib. 

c. All officers shall enter upon their duties at the adjournment of the Annual Meeting. 

Article VII—Acadbmy Mbettngs 

1. Annual 

a. A meeting of the entire Academy will be held eac^ year, which shall be known as the 

Annual Meeting. 

b. Its time and place shall be fixed by the Council subject to such instructions as may be 

determined by the Academy at the preceding Annual Meeting, and shall be announced 
by circular at least sixty days before the Meeting. 

c. The details of the General and Sectional Sessions shall be arranged by the Program 

Committee and announced in the Official Program immediately before the Meeting. 
See By-Laws, Chap. VII, Sec, 3. 

2. Field Field meetings may be arranged by individual Sections or groups of 

Sections, tqxxn approval by the Coimcil or its Executive Committee. 

3. Special Meetings—A special meeting of the Academy may be called by the Council or 
by the Executive Committee upon the written request of twenty Academy members. 

4. Qaontm—Fifty (60) members shall constitute a quorum for the transaction of business. 

Arucxe VIII—Sections 

1. FamaUan ef See$iams--~^ambm not less than ten in number may, by special permission 
of the <^otincil, unite to Iprm a Sectioin for the investigation of any branch of science. Each 
Section shall bear the^jpaihe of the science which it represents, e.g.« The Section of Geology 
of The Ohio Academy Science. 

2. PrivUages of SeeHans^ 

a, Bach Section is anqiowered to perfect its ofm organization as limited by the Constitu- 

tion and BjhLaws of the Academy. It ahall report its organization and officers to 
the Secretary. See Art« VI, Sec. 2b. 

b. Each Section shall be represented on the Council by itd Vice-President and its lep- 

lesentative on the Membership (^mmittee. See Art. IV, Sec. 2. 

3. Seclianal VoHstg Pfiviitgsr—Members-elect'of the Academy shall indicate on their 
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nomination blanks the Section in which they wish to have voting privileges. See Art. Ill, 
Sec. 6. 

4. Dissolution of Sections —A Section may be dissolved by the Council at any time that 
such Section becomes inactive; or for sufficient reason at any other time, with the consent of 
a majority of the members of the Section. 

Article IX—’Auenoments 

Amendments to the Constitution shall be made in the following manner; 

a. Initiation of an Amendment shall be by submission to the Secretary in writing of the 

content of the proposed amendment by 5 or more members of the Academy at least 
90 days before the Annual £feeting. 

b. Before the Annual Meeting the Secretary shall publish the proposed amendment in 

the Preliminary Announcement of the Annual Meeting, or in the Official Program, 
for the information of the members. 

c. At least thirty days before the Annual Meeting the Secretary shall send a copy of the 

proposed amendment to each member of the Council for his ballot, 

d. The ballots shall be returned to the Secretary and counted at the Annual Meeting of 

the Council. A three-fourths vote of the entire Council shall be necessary for approval. 

e. The action of the Council shall be presented to the Academy at its succeeding Business 

Session for its approval. Reversal of the Council's action shall require a majority 
vote of the Academy members voting. 


BY-LAWS 


Chapter I— Nomination and Election op Members 
1. Nomiuaiion of ilfem6err~-Nominations for membership may be made at any time on 
blanks supplied by the Secretary. Such nominations shall be indorsed by two members who 
must be acquainted with the nominee and his qualifications for membership. 

The Form of Nomination shall be as follows: 

The Ohio Academy op Science 

..19. 

To the Committee on Membership: 

I desire to become a Member of The Ohio Academy of Science. 

Name./.. 

Address. . 

Major interests . 

Section of the Academy in which Voting Privilege is desired. 

Countersigned by Members: 


Annual Dues S2.50. 

This form properly filled out and accompanied by dues for one year is to be transmitted 
to the Secretary who shall turn all nominations over to the Chairman of the Membership 
Conunittee. This committee shall pass upon the qualifications mentioned in those applica¬ 
tions, and make recommendations thereon to the Council. 

2. Election of Members—Election shall occur by a majority vote of the Council members 
present at any regular meeting. Election to membership shall not be considered as completed 
until dues for the year are paid. 

8. NonUnaHon of Honorary Life Members—The nomination of Honorary Life Members 
shall be by the Executive Committee. Such nominations shall be transmitted to the Secretary 
of the Academy at least thirty days preceding the Annual Meeting and shall be presented to 
the Council for aetkm at the Annual Meeting of the Academy. A three-fourths majority vote 
of members of the Council present will bS necessary for elation. See By-Laws, Chap. Ill, 
Part 2b. 
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Chapter II—Nominatton and Election of Fellows, 

Honorary Fellows and Patrons 

1, Nomination of Fellows —A suitable blank for the nomination of Fellows shall be supplied 
by the Secretary and shall be mailed to each Fellow of the Academy at least once each year. 
The form of nomination shall be as follows: 


The Ohio Academy of Science 


Nomination for Election to Fellowship 


Sec 


(Must be in the hands of the Secretary at least 30 days before the 
Council meeting at which the nomination is to be voted on.) 

Conditions of Fellowship 

1. Fellows shall be members who are engaged in productive scientific work.— Art. ///, 
5, ConsUtution, 

Date 


To the Council of the Ohio Academy of Science: 

The undersigned Fellows have the honor to nominate 


(Give name in full) 

for election to Fellowship in the Ohio Academy of Science. 

The nominee holds the following degrees; (Give institutions that conferred them) 


is a member of the following scientific societies: (Give length of time a member of each) 


and now holds the position of 
in (Name of Institution) 
located at 

Respectfully submitted, 

(Sgd.) , Fellow. 

(Sgd.) . , Fellow, 

The following is a complete list of the important scientific papers published by the nominee, 
with exact references: (Use other side of this blank if necessary ) 


This blank properly filled out, endorsed by two Pellpvs of the Academy and accompanied 
by documentary evidence of the nominee's scientific achievements shall be transmitted to the 
Secretary, who shall present the nomination to the Council for action. 

2. Election of Fellows —Election shall occur by three-fourths vote of the members of the 
Council present at any regular meeting. 

3 Nomination of Honorary Fellows —At least 90 days before the Annual Meeting of the 
Council, the Secretary of the Academy shall notify the Vice-President of each Section of any 
vacancies in the ranks of Honorary Fellows, and shall mail to him two forms for the nomination 
of Honorary Fellows. Each Section through its Vice-President and Fellows may then nominate 
not more than two candidates. The fonn of nomination shall be as follow's; 

The Ohio Academy of Science 
Nomination for Election to Honorary Fellowship 
(Must be in the hands of the Secretary at least 30 days before the 
Annual Meeting of Council.) 

Conditions of Honorary Fellowship 

(1) Honorary Fellows shall be persons distinguished for their attainments in science, who 
are not active members of the Ohio Academy of Science, but whose life or work has some basic 
connection with Ohio. Their number shall not exceed twenty-five (Art. Ill, Sec. 4, 
Constitution.) 

(2) Honorary Fellows shall be chosen 

a. from former members of the Academy for outstanding service m the scientific 

advancement of the Academy; 

b. from other persons who have made important contributions to the development of 

science in Ohio; 

c. from scientists who may have some other special connection with Ohio. 
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Date . 

To the Council of the Ohio Academy of Science: 

The Section of .of the Ohio Academy of Science has the honor to nominate 

(Give name in full) 

for election to Honorary Fellowship in the Academy. The nominee holds the followins^ degrees: 
(Give institutions that conferred them) ..... 

is a member or fonner member of the following scientific societies: , . 

and now holds the position of 
in (Name of Institution) 
located at . 

Respectfully submitted, 

(Sgd.) .V P. of 

the Section of 

a. The nominee is distinguished for the following attainments in Science 

b. The nominee's special scientific connections with Ohio are . . , 

c. The follov/ing is a list of the more important scientific papers published by the nominee, 
with exact references: 


This form properly filled out and accompanied by documentary evidence of the nominee's 
scientific achievements, and by any other pertment matter shall be transmitted to the Sec- 
retary by the Vice-President at least 30 days before the Annual Meeting of the Council. 

As soon as possible thereafter, the Secretary shall send to each member of the Council 
a list of the nominees together with a brief digest of the reasons for the nominations. 

Before the Council Meeting, the Executive Committee shall study the qualifications of the 
nominee, and shall present recommendations to the Council. 

4. Election of Honorary Fellows —?ot election a three'^ourths vote of the members of the 
Council present at the Annual Meeting shall be necessary. 

6. Nomination of Patrons —nomination of Patrons shall be by the Executive Com¬ 
mittee, and shall be presented to the Council for action. See Art* III, Sec. 6. 

6. Election of Patrons —Election shall occur by a three-fourths vote of the members of 
the Council present at its Annual Meeting. The Secretary shall notify the nominee of his 
election as Patron, and of the privileges accompanying it. See Art. Ill, Seg. 6. 

Chapter III— Dues 

1. The annual dues shall be two dollars and fifty cents (12.50), payable in 
advance ^ 

2. Commuted Dues—’ 

a A single payment of twenty-five dollars ($26.00) shall excuse a member from all future 
annual dues and he becomes a Life Member. See By-Laws, Chap. IV, Sec. 2b. 

b. Election by the Council to Honorary Life Membership m the Academy shall excuse a 
member from all future annual dues. 

3. Non-payment of Dues — 

a. Non-payment of annual dues shall deprive a member of the privileges of the Academy 

and of receiving its publications until such dues are paid. 

b. An arrearage continuing over two years shall be construed as notification of withdrawal, 

which shall become effective after the member concerned has been so informed by 
the Secretary. 

4. Exemption from Payment of Dues— 

a. Patrons shall be exempt from payment of dues. 

b. The Secretary, Treasurer, and Librarian shall be exempt from the payment of dues 

during the years in which they hold oflace. 
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Chapter IV— Finances 

1. Fiscal Year —The fiscal year of the Academy shall be coincident with the calendar 
year. 

2. Investments and Expenditures — 

a. Authorization. No Academy funds shall be invested or expended, nor shall any debts 

be incurred without express sanction of the Council or of its Executive Committee, 
and the signature of the President, It is understood* however, that all ordinary 
expenses in connection with the Meetings have the permanent sanction of the Academy 
without special action. See Art. V, Sec. 6, Constitution. 

b. Investment of Commuted Dues. The sum paid in commutation of annual dues shall be 

invested, and the interest used for the ordinary purposes of the Academy during the 
payer’s life, but after his death the sum shall be transferred to the Research Fund. 

3. Bills and Vouchers —Every creditor of the Academy must present to the Treasurer an 
itemized bill. The Treasurer (if he find the bill properly authorized) shall obtain the certifica¬ 
tion of the official incurring it, and shall thereupon pay the amount out of any funds not other¬ 
wise appropriated; the receipted bill shall be held as his voucher. 

4 Audit —It shall be the duty of the Executive Committee of the Council to secure an 
audit of all financial accounts by a competent accountant, who shall rejiort to the Executive 
Committee liefore the Annual Meeting. 

5. Bond of Treasurer —The Treasurer shall give bonds in the sum of five hundred dollars 
($500.00) with two good sureties, approved by the Executive Committee, for the performance 
of his duties and the safe keeping of the funds of the Academy. 

6. Honorarium of Secretary —The Secretary shall receive an annual honorarium of one 
hundred dollars ($100 (X)) from which he shall pay for any clerical help employed by him. 

7. Ohio Journal of Science—See By-Laws, Chap. V, Sec. 2b. 

Chapter V— Publications 

1. Control —The publications of the Academy shall ^ m charge of the Publication Com¬ 
mittee. See Art. IV, Sec, 6f, Constitution. 

2. Official Organ —The official organ of the Academy is The Ohio Journal of Science under 
the following terms of agreement: 

1. The Academy shall pay to The Ohio Journal of Science one dollar and fifty cents ($1 5()) 
for each subscription sent to member not in arrears from payment of dues. 

b. The Ohio Journal of Science shall publish announcements of meetings, lists of publica¬ 

tions for sale, etc., whenever the Academy desires. Such matter, however, may be 
restricted to one-half page of advertising space in any one issue. See Chap. V, 
Sec. 3. 

c. The Ohio Journal of Science will print papers of from 300 to 1500 words presented at the 

Annual Meeting, provided such papers are submitted in typewritten form within 
two weeks from the time of adjournment of the Meeting, and have been passed upon 
favorably by the Publications Committee and the Editor of the Journal. 

3. Annual Report —The Annual Report of the Academy including list of Officers, Sec¬ 
retary's report of the Annual Meeting, and such other matter as the Publication Committee 
may determine, shall be printed as a separate section or issue of the Ohio Journal of Science 
under the direction of the Publications Committee. The Constitution and By-Laws and a 
list of members shall be included in the Annual Report at five-year intervals. 

4. Special Papers —Papers exceeding 1,500 words may be published at the discretion of 
the Publications Committee as a part of a series of Special Papers. 

6. Praceedwgj—The Publications Committee shall at suitable intervals assemble the 
Annual Reports and the Special Papers into volumes of Proceedings of convenient size, paged 
consecutively in each volume, under the general title “Proceedings of the Ohio Academy of 
Science." 
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6. Distribution — 

a. One copy of each publication shall be sent free to each Member, Fellow, Hcmorary 

Fellow and Patron, except as provided in By-Laws, Chap. HI, Sec. 3a, and Chap. 
V, Sec, 2a. 

b. The author of each Special Paper shall receive thirty (30) copies of his memoir. 

7. Publication of Presidents Address and Other Addresses — 

a. The President’s address shall be published in the Ohio Journal of Science as soon as 

possible after the Annual Meeting, and shall not be published in another scientihc 
magazine until it has appeared in the Journal. 

b. Other addresses delivered before the Academy on invitation may be published in the 

Ohio Journal of Science. 

Chapter VI— Research Fund 

1. Sources of Fund —The Research Fund shall consist of moneys paid by the general 
public for publications of the Academy, of donations made by Patrons and others in aid of 
research, and of sums paid in commutation of dues according to By-Laws, Chap. IV, Sec. 2b. 

2. Donors —Donors to this fund, to the sum of twenty-five dollars (326.00) or more, shall 
be entitled without charge to publications subsequently appearing. 

3. Endowment —The aim of the Academy shall be to accumulate a fund of which the 
income alone shall be used for the encouragement of research and for the publication of papers 
bearing upon the development of science in the State. 

Chapter VII— Order of Business 

1. Procedure —All meetings of the Academy and Council shall be governed by ‘'Roberts 
Rules of Order.” 

2. Meetings of the Council —See Art. V, Sec. 6a, Constitution. 

a. Quorum and Order of Business. The Council shall arrange its own order of business. 

A majority of the Council shall constitute a quorum. 

b. Annual Meeting. 

Agenda. The agenda of its Annual Meeting must include the receipt of the reports 
and recommendations of Standing Committees as follows: Executive Committee, 
Academy Representatives of the Joint Administrative Board, Program Committee, 
Trustees of the Research Fund, Committee on (Conservation, Membership Committee. 

3. Annual Meeting of the Academy —See Art. VII, Constitution. 

a. General Session. The Academy shall have at least one General Session of its member¬ 

ship for the presentation of invited addresses and papers erf general scientific interest. 

b. Business Session and Banquet. There shall be a Business Session and Banquet of the 

Academy, the order of procedure being as follows: 

(a) Banquet. 

(b) Welcome, Response and Presidents Address. 

1. Call to order by the President. 

2. Welcome from the Host Institution. 

8. Response for the Academy. 

4. President’s Address. 

(c) Session. 

1. Report from the (Council. 

2. Special Business. 

3. Report of (Committee on Necrology. 

4. Report of Nominating (Committee; and Annual Election. 

6. Report of Cdmmittee on ResDlutiuns. 

6. Adjournment. 

Chapter VIII—AMEND?tfENTs 

These By-Laws may be amended by the seme prooedure as that stipulated for the amend* 
ment of the Constitution. See Art. IX, Constitution. 
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Bossbrt, R. B .—BaciBriology .Ohio Wesl^an University, Delaware 

Bowman, H. H. M. (F. ’21)— Botany, Zoology . , Toledo University, Toledo 

Boyd, M. Biochemistry .2618 Cornell Place, Cincinnati 20 

Brand, Louis (F. ’30) —Mathematical Physics .University of Cincinnati, Cincinnati 21 

Brant, A. M. (F. ’41) — Mineralogy, Chemistry, Lord Hall, Ohio State University, Columbus 10 


Braun, A. F. (F. '22)—Zoology 

Braun, E. L. (F. ’21)— Botany . 

Bridgham, C. M .—Btochemtsiry . 

Brief, B, J. —Medical Science . 

Brill, H. C. (F. ’40) —Chemistry . 

Bromley, Mrs. S. W. (F. 'Zl)—Botany, 

Brower, A. B.—Medical Science 

Brown, D. M.— Taxonomy . 

Brown, H. Horticulture . 

Brown, H. P .—Entomology 

Brown, J. B. (F. ’39 )—Chemistry . 

Bryant, E. R.—Biology . 

BociiANAN, F.— Ornithology, . 

Buchanan, K —Aeronautics . 

Bucher, W. H. (F. ’20)— Geology, Physics .. 
Bugelski, R., Psycl^logy , , 

Bulger, J. W.— E-Uomology, Plant Pathology, Zoology. 

Burgess, W. M. (F. ’42) —Chemistry 

Burns, G. W —Plant Science. .. ... 

Burrell, R. C, (F. Al)—Agricultural Chemistry 

Burtt, H. E. (F. ’21)— Psychology 

Busch, K. G. A. (F. ’36)— Chemistry, Geology 


R. R. 13, Box 41c, Cincinnati 

. R. R. 13, Box 41c, Cincinnati 

.. .. R. F. D. No. 1, North Jackson 
. 760 Kimball Place, Columbus 
... . Miami University, Oxford 
Scoheldtown Rd., Stamford, Conn. 
.60 Wyoming St., Dayton 9 
. . 3310 Eleventh St. S. W., Canton 4 
Ohio State University, Columbus 10 
.Ohio State University, Columbus 10 

.1100 Lincoln Rd., Columbus 

117 Lakeside, New Concord 

. Amsterdam 

Box 148, Amsterdam 
.Columbia University, New York City 
, .University of Toledo, Toledo 
127 U. S. Court House, El Paso, Texas 
University of Cmcmnati, Cincinnati 
.... 2466 Wahl Terrace, Cincinnati 11 

Ohio State University, Columbus 10 
Ohio State University, Columbus 10 
Capital University, Columbus 0 


CarlsjON, F. a. (F. ’38 )—Geography ... ... .171 Oakland Park Ave., Columbus 

Carman, J. E. (F. ’20 )—Geology .Ohio State University, Columbus 10 

Caster, K. E, (F. ’43 )—Paleontology University of Cincinnati, Cincinnati 21 

Cecil, Rodney —Entomology .P. 0. Box 1330, Ventura, Calif. 

Chadwick, L. C .—Horticulture . .Ohio State University, Columbus 10 

Chandler, D. C. (F. A\)—Limnology, Fisheries, Biology. .Stone Laboratory, Put-in-Bay 

Chapman, F B .—Natural Science . .1944 Denune Ave., Columbus 3 

Chase, S. W. (F. Zoology . 2109 Adelbert Rd., Cleveland 

Childers, N. F, (F. ’41 )—Plant Physiology, Horticulture, Chemistry, 

Ohio State University, Columbus 10 

Church, M. B.— Mycolo^ . Lyndon, Vermont 

Cincinnati University General Library .... .Cincinnati 21 

Clapp, P. S .—Physics ... .107 Ashbourne Rd., Columbus 

Clark, C. F.— Mollusca, Fish, Aquatic Regulation .St. Marys 

Cleveland Museum of Natural History. .2717 Euclid Ave., Cleveland 

Cole, L. E. (F. AZ)—Psychology .Ill S. Cedar, Oberlin 

Cole, W. S. (F. 'ZZ)—Geology, .Ohio State University, Columbus 10 

Conrey, G. W. (F. '2^)~~GeQlogy .Ohio State UniversiW, Columbus 10 

... .... ... Box 386, Athens 

. .. .... Bald win-Wallace College, Berea 

. . .912 Latty St., Defiance 

UniversiW of Michigan, Ann Arbor, Mich. 

CoTTiNGHAM, K. C. (F. '2^)—Geology .103 Riverview Park Drive, Columbus 

Coyle, E. E. (F. AQ)—Botany, Zoology .College of Wooster, Wooster 

Crist, E. L—Botany .I. O. O. F. Bldg., Circleville 

Crittenden, H. ^.—Botany, 

Diet Medical Dept., Walseman Gen. Hospital, Camp Atterbury, Ind. 

Cross, A. T.— Botany, Geology .4800 Forbes St., Pittsburgh, Pa. 

Crowell, S .—Zoology .Miami University, Oxford 

Cunningham, H. A,—Biology, Science Education .227 N. Dejjeyster St.. Kent 

Cunningham, J. R.—Zoology, Entomology, Botany .Ohio State University, Columbus 10 

Curtis, G. M. (F. *Z9)—Medical Sciences, Biology .Ohio State University, Columbus 10 

CuTRiGHT, C. R. (F. 'ZO)—Entomology ...Experiment Station, Wooster 

Dambach, C, A.~*Plant and Animal Ecology, EnL, Conservation, 

Ohio State University, Columbus 10 

Darker, G. D .—Mycolop .19402 Maple Hts. Blvd., Maple Heights, Bedford P. O. 

Davidson, R. H. (F. 'Z€)—Entomology .Ohio State University, Columbus 10 

Davis, A.—-Physical and Biologicai Science .Box 424, Columbus 

Deam, C. C. (F. 'ZO)—Botany, Forestry .,.Bluffton, Indiana 
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Cooper, C. E.— Geof^aphy . 

Cossaboom, R. T.—Hntomology. 

Costello, R. E.—Biology . 

CoTTERMAN, C. W,— Genetics, Statistics. 
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Dearolf, K .—Cave Fauna of U. S .Public Library Museum, Dayton 

Deichuann, W.— Toxicology^ Physiology, Pharmacology .•. 627 McAlpm, Cincinnati 20 

DbLong, D. M. (F. *21)— Zoology, Entomology .Ohio State University, Columbus 10 

DeLor, C. J .—Medical Science . 2074 Arlington Ave., Columbus 

Detweiler, F. G. (F. '42)— Sociology. .... ., ..Denison University, Granville 

Dexter, R. W. (F. ’43)— Biology, Ecology .r . .. Kent State University, Kent 

Dickeruan, E. E .—Zoology . .Bowling Green State University, Bowling Green 

Dickerson, L. M .—General Biology, Genetics, Parasitology, Chemistry, 

Soil Conservation ^rvice, Spartanburg, S. C. 
Dietz, David (F. ’33)— Astronomy, Physics, 2801 Winthrop Road, Shaker Heights 

Dietz, H. F. (F, ’32 )—Entomology . 2806 Monroe St,, Wilmington, Del. 

Diller, O. D. (F. ’40 )—Botany . Experiment Station, Wooster 

Doan, C. A. (F. ’39 )—Medicine and Biological Sciences. Ohio State University, Columbus 10 

Doan, K. H.— Ecology, Fish .Central Biological Laboratory, Winnipeg, Manitoba 

Dobbins, R. A. (F. ’38 )—Botany and Entomology.. ,. .. Ohio Northern University, Ada 

Dockeray, F. C. (F. ’^)—Psychology .... Ohio State University, Columbus 10 
Dodd, D. R.— Botany, Geology, Soils ... .. Ohio State University, Columbus 10 

Donner, H. F .—Geology .... Western Reserve University, Cleveland 

Dow, C, L.— Geography, Geology, Meteorology . , 46 Maplewood Drive, Athens 

Drake, C. J. (F. Entomology .... Iowa State College, Ames, Iowa 

Dreyek, X F .—Chemistry .... 3314 Losantendge Ave., Cincinnati 13 

Dreyer, W. a .—Zoology . University of Cincinnati, Cincinnati 21 

Drill, E .—General Biological Science 202 S. Campus, Oxford 

Dunkle, D. H.— Vert. Pal ., 2717 Euclid Ave., Cleveland 16 

Dunlap, H. L —Chemistry , , 275 E. State St., Athens 

Dury, E. J. — Zoology . . University of Dayton, Dayton 


Ebaugh, W, C. (F. ’40 )—Chemistry Denison University, Granville 

Edelmann, a ,—Medical Sciences . ... .1688 Northwest Blvd., Columbus 8 

Edoerton, H. a. (F ’42 )—Psychology . Natatorium, Ohio State University, Columbus 10 
Edward.s, L. F. (F. ’32)—Zoo/tfgy . Ohio State University, Columbus 10 

Edwards, R. L. (F. ’32)— Physics, Mathematics Miami University, Oxford 

Eggleston, H. R (F. ’41)—Zoology Marietta College, Marietta 

Ehlers, G. M. (F. ’40)— Geology, Palaeontology, Zoology, 

Museum of Paleontology, University of Michigan, Ann Arbor, Mich 
Eisen, E. E .—Geography .... 126 Wilson Ave , Kent 

Elliott, R. (F. ’33)— Zoology, Medical Science Ohio University, Athens 

Emo, L .—Physics . \ . 1601 Perry St , Columbus 

Engle, O. H.— Zoology, Botany ., 1409 Robinwood Rd., Alliance 

English, H. B. (F, 'ZO) —Psychology . Ohio State University, Columbus 10 

Erf, H. a .—Physics ,. 17365 S. Woodland, Shaker Heights 

Esselstyn, a. j,— Chemistry, . .110 N. Vine St , Westerville 

Evans, M. W, (F. ’41)—Agronomy. . . .Experiment Station, Wooster 

Evans, W. L. (F. ’21 )—Chemistry . . Ohio State University, Columbus 10 

Everhart, W. A —Chemistry . .... Denison University, Granville 

Everly, R. T.— Entomology, Botany . . . .Purdue Agr. Exp. Station, W. Lafayette, Ind. 

Ey, L. V.—Bacteriology . . 672 City Park, Columbus 


Fattig, P. W.—Zoo/ogy,... . . , _Emory University, Atlanta, Ga. 

Federigmi, H.“BioZogy... Antioch College, Yellow Springs 

Fenneman, N. M. (F. ^20)— Geology, Geography . University of Cincinnati, Cincinnati 21 


Fields, P. E. (F. 'AB)—Psychology 
Fink, O. E .—Conservation . . 

Fischer, M. H. (F. *^)—Exper. Medicine . 
Flower, R. H. (F. ’42)— Geology, Paleon . 
Forbes, W. C. — Biology, Chemistry . . .. 

Ford, E, 1$,—Physics . 

Foreman, F. (F. ’36)— Geology. . . 

Franks, R. W. (F, ’4i )^^^»iMo/ogy, Botany 
Friesnkr, R. C, (F. ’34)— BoZony... .... .. 

Fronius, a. G,—Chemistry . 

Frost, L. W .—Geohgy . 

Frost, R. B. (F. Geology, Geography ., 

Frye, W.—Geology. .. 

Fulford, M, (PPM)—Botany, Geology . 

Fuller, J. Q.—Geology . 

Fullmer, E. L. (F. '20)--B«Zogy. 


.138 N. Sandusky St., Delaware 

.3060 Indianola Ave., Columbus 

College of Medicine, Eden Ave,, Cincinnati 19 
, New York State Museum, Albany, N. Y. 

, King’s College, Newcastle, Del 

. . .Station No. 2, Wooster 

. 217 Woodland Ave., Oberlin 

.State Office Bldg., Columbus 16 

. Butler University, Indianapolis, Ind. 

, .. , 786 New Garden Ave., Salem 

. .3682 Olentangy Blvd., Columbus 

. . 21 N. Cedar St., Oberlin 

. Central High School, Akron 8 

.University of Cincinpati, Cincinnati 21 

West Virginia University, Morgantown, W. Va. 
.Baldwin-Wallace College, Berea 
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Garb&r, H. J. (F. *42)— Ch^mi^try .Cincinnati Univcrsit^^ Cincinnati 21 

Garrett, A. B* (F. '4Xi)^~Ch9mi5try .205 W. Henderson Rd., Columbus 

Geiger, W. O.— Biology, Chemistry .134 Washingtcm, Bluff ton 

Geislsr, J* G.— Cheft^try . .University of Dayton, Dayton 

Geist, R. M. (F. ’32 )—Entomologyj Ornithology .Capital University, Columbus 9 

Gentry, J. R .—Psychology .163 N. Confess St., Athens 

Gerberich, j. B .—Zoology .Ohio State University, Columbus 10 

Gibbons, C. C .—Psychology .Personnel Division, Owens-Illinois Glass Co., Toledo 1 

Giebner, B. M .—Plant Science .Alfred U. Extension, Jamestown, N. Y. 

Gier, H. T.— Herpet.f Omith.^ Mammal .Ohio University, Athens 

Giixespxe, j. S .—Geology .1076 Madison Ave., Columbus 

Glathart, j. L .—Physics . .Gambler 

Glknny, F. H .—Botany .1148 Linden Ave., Akron 

Good, E. E.— Botany, Zoology . .Route 6, Van Wert 

Goslin, C. 'R.—Botany .726 E. King St.. Lancaster 

GosliNj R. M .—Archeology .316 Wilson Ave., Columbus 

Goslin, W. E .—Botany .. . . .816 Wilson Ave., Columbus 

Goss, G. I.— Geology, Geography .1311 23Td St. N. W., Canton 3 

Gourley, j. H. (F. *26 )—Hortvcullure .Ohio State University, Columbus 10 

Gowdy, R. Cl (F. ’20 )—Physics . 2111 Auburn Ave.. Cincinnati 19 

Gray, H. H.—Geoiogy . . Box 272, New Philadelphia 

Gray, J. C .—Experimental Medicine. . . .Western Reserve University, Cleveland 

Green, W .—Anthropology . ..13014 Emery Ave., Cleveland 

Grover, F. O. (F. Botany . . 180 Morgan St., Oberlin 

Hahnert, W. F. (F.’41 )—Zoology . . Ohio Wesleyan University, Delaware 

Hale, K .—Biology . . .. 626 W. Main St., Wilmington 

Hale, Polyanna —Plant Science .Ohio State University, Columbus 10 

Hall, A. A. (F. *41 )—Medical Science .. ..833 Middlesex, Gloucester, N. J. 

Hamilton, F. E.--Medical Science . Ohio State University, Columbus 10 

Hanawalt, F. a .—Zoology .66 W. Broadway, Westerville 

Harper, A. R. (F. *41)— Botany, Zoology . 669 Arden Road, Columbus 

Harris, J. S.^Anihropolop. Ohio State University, Columbus 10 

Harris, M. R .—Plant Pathology, Forestry .Maine Agr. Exp. Station, Orono, Maine 

Hartman, F. A. (F, 'AB)—Medical Science .Ohio State University, Columbus 10 

Hartson, L. D. (F. ’32 )—Psychology .Oberlin 

.Ohio State University, Columbus 10 


Haub, j. G.— Zoology . 

Hayhurst, E. R. (F. '21)—Medical Science, 
Hazard, F. O. (F. ’41)— Biology 

Hefner, R. A. (F. '22)—Zoology . 

Heinle, a. R.— Botany . 

Henderson, W. E. (F. '2\)—Chemistry 
Hendrickson, G. (F. 'A2)—Psychology ... 
Herndon, L. K.— Chemistry, Engineering 


. 1926 Concord Road, Columbus 8 
... 140 Fifth Ave., Wilmington 

.E. Chestnut St., Oxford 

.. . 1001 Culbertson Ave., Zanesville 
. .. .214 Sixteenth Ave., Columbus 1 
University of Cincinnati, Cincinnati 21 
. .2303 Onandaga Drive, Columbus 8 


Herrick, J. A. (P. '^)—Biology .University of Michigan. Ann Arbor, Mich 

Hersh, a. H. (F. ’36)— Embryology, Genetics . Western Reserve University, Cleveland 

Hibbard, H. (F.’31)—Zdo/ogy ... , .Oberlin College, Oberlin 

Hicks, L E. (P. *34)— Botany, Ornithology. ... ... Ohio State University, Columbus 10 

Hills, N. E.—Archeology .Kelley’s Island 

Hitchcock, F, A. (F. '&)— Zoology, Physiology... . .. .Ohio State University, Columbus 10 

Hodgman, C. D. (F, 'A^)—Physics .Case School of Applied Science, Cleveland 

Hoerr, N. L. (F. 'At2)—Anatomy .2109 Adelbert Rd,, Cleveland 6 

Hollenbeck, Z. J, R.— Gyn. and Ohs . . . . 9 Buttles Ave., Columbus 

Hollingsworth, VL.—Chemistry .Ohio State University, Columbus 10 

Holt, R. D.—5/ro/. and Sed .U.S.G.S., Box 272, New Philadelphia 

Hoskins, J. H. (P. '7t)—pQlaeobot .University of Cincinnati, Ci^innati 21 

Householder, F. E.—Posies .1209 Berwin St,, Akron 

Houser, J. S. (F. '2\)—&itomoloiy .Emriment Station, Wooster 

Howard, N. F. (F. *i2)—Entomology .161 W. Eleventh Ave., Coltttttbus 1 

Howard, W. Zoology, Entomology .238 Douglas St., Wilmington 

Howlett, F. S. (F. 'A\)—Botany, Horticulture .Experiment Station, Wooster 

Hubbard, G. D. (P. *20)—P^y«og.2T9 Oak St., Oberlin 

Huber, H. E. (F. *40)—Biology.Ohio Northern University, Ada 

Hudson, N. P. (F. *39)—Boc/mo/ogy.Ohio State University, Columl^ 10 

Hughes, J, H.—£«/o«o/ogy.U. S. Pub. Health Service, Quarantine Sta., NewO^lsans^ Ia. 

Humphrey, S. S—Plant Pathology ...Ohio State University, (^lumbus 10 

Huntington, C. C. (F. *27)—Geography .Ohio State University, Columbas 10 

Hyder, a. E.—Botosy.. .Ohio State University, Cokmtbtis 10 
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Ikwik, N. M .—Botany .6017 Anderaon Place, Cincinnati 27 


Jacobs^ E. E. (P, *86 )—Otology .Ashland College, Ashland 

Altvis, C. W. (P. *41 )—Physics .168 E. Northwood Avc., Columbus 

' BKKiNGS, O. E. (P. *20y-~Botamy .Carnegie Museum, Pittsburgh 18, Pa. 

Johnson, E. H. (P. *28 )—Physics .Gambier 

ORKSON, F .—Plant Pathology .Western Washington Exp. Sta., Puyallup, Wash. 

JOHNSON, H. W. (F. '40)—Botany, 

Div. Forest Crops and Diseases, Bureau of Plant Industry Station, Beltsyille, Md. 

[OHNSTON, h,—Archaeology .807 Tol^o Trust Bldg., Toledo 4 

lOLY, R. A .—Botany .University of Dayton, Dayton 

'ONBS, C. H. (F. '41 )—Botany .Ohio State University, Columbus 10 

ioNRs, D. T .—MoUusca ...University of Utah, Salt Lake City, Utah 

Ones, E. P.— Zoology, Protozoology, Genetics, Physiology .University <rf Akron, Akron 

ONES, P. L.— Botany, Geology .1037 E. McMillan St., Cincinnati 6 

ONBiS, G. T. (F. '41 )—Ecology . . . .322 W. College St., Oberlin 

ONES, L. (F. *20 )—Ornithology .362 W. College St., Oberlin 

06BPH, Sister M .—Biology .Notre Dame College, South Euclid 

Hotter, E. V .—Botany . . .Box 61, Cambridge 


Kavanagh, R .—Zoology . 674 Arden Rd., Columbus 

Kehoe, R. A. (F. *33 )—Physiology .College of Medicine, Eden Ave., Cincmnati 19 

Kelley, K. L .—Zoology .Kent State University, Kent 

Kemper, R. L .—Chemistry . .3960 Regent Ave., Norwood 

Kendeigh, S. C. (F. ’35)— Biology, Ornithology . Vivarian Bldg., Champaign, Ill. 

Kennedy, C. H. (F. '72)—-Entomology .Ohio State University, Columbus 10 

KSRSIEN, H. J. (F. *89 )—Physics ana Mathemalscs , .University of Cincinnati. Cincinnati 21 
Kettering, C. F. (F. *40)— Research, automotive design and production, elect , physical, 

aeronautical and mechanical .807 Winters Bank Bldg., Dayton 2 

King, D. D .—Public Health . . 81 N. Warren Ave., Columbus 

King, J. D .—Medicine . Ohio State University, Columbus 10 

Kirk, L. R.—Geology . . . 843 Timberman Rd., Columbus 8 

Kitchin, P. C. (F. *39 )—Medical Science .Ohio State University, Columbus 10 

Knauss, H, P. (F. *40)—PAyricj.42 Richardson St., Belmont 78, Mass. 

Knouff, R. a. (F. '72)—Medical Science . ... Ohio State University, Columbus 10 

Knox, Qfsx>VLCB,—Psychology, S. Naval Personnel Bureau, Navy Dept., Washington, D. C. 

KnulLjJ. N. (F. *36 )—Zoology .Ohio State University, Columbus 10 

Koch, W. R.—Physics ani Chemistry . . *,.560 E. Monteray, Dayton 9 

Kostir, W. j. (F. *20 )—Zoology .Ohio State University, Columbus 10 

Kraatz, W. C. (F. '22)—Entomology . . University of Akron, Akron 4 

Krecker, F. H. (F. 'TO)—Biology . Ohio University, Athens 

Kuernle, C. H.— Botany, Ecology .2332 Tenth St. N. W., Canton 3 


Lamb, G. F. (F. *20 )—Geology . .233 Hartshorn St., Alliance 

Lahborn, H. M. (F. '20)—Geology... .224 Piedmont Rd., Columbus 

Lamborn, R. C. (F. *29 )—Geology .Ohio State University, Columbus 10 

Lamby, C. a. (F. '70)—Geology .. . . .Ohio State University, Columbus 10 

Lamps, L. (F. *31 )—Botany . Ohio State University, Columbus 10 

Lands, A. (F. ’40 )—Physics . . Ohio State University, Columbus 10 

Landis, B.J. (P. 'Z7)—Entomology .P. O. Box 218, Union Gap, Wash. 

Langlois, T. H. (P. *37 )—Ichthyology .P. O. Box C, Put-in-Bav 

LaPaz, L.—Math,, Geol., Meteor .University of New Mexico, Albuquerque, N. M. 

Ladris, A.—HorHcultnre .Ohio State University, Columbus 10 

Laiwrence, W. E. (F. *42)Sociology .2272 Bellheld Rd., Cleveland 

Leedy, D, L .—Orwilhology .Ohio State University, Columbus 10 

Lewis, C. H.Harpster 

Lewis,^R, D. (F. *4b)—Pkfnt Gen., EcoL, Physiol .Ohio State University, Columbus 10 

Ural, F. J.—^oeraphy .2608 Natchez Ave., Cleveland 9 

Licrt, W., Jr.— ChemiHi^y .Universi^ of Cincinnati, Cincmnati 21 

LindsSY, A. W, (F. ^27y^BHtomology .Denison University, Granville 

Link, j. A.—Jfsdica/ Sciencs.....14 N. Limestone St., Sprmgfield 

Linscbbid, a, O.1901 Templehutst Dr., Cleveland 21 

Lifkind, W,—Anthropology . : .Ohio State University, Columbus 10 

Lockett, J. R^^-Geofogy .378 Shcrboume Dr., Columbus 

Logan, M. A. (F. *41)—Biochemistry .Medical College, Cincinnati 19 

Long, W, and Supplies .1700 Irving Park Blvd., Chicago, Ill. 

Lgdlam, E. L,-^Ch0mistry ...Western College, Oxford 
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Lutz, A. L. —Physics .. 
Lyman, J. F.—Ckemistry 


.Wittenbei|r College^ Springfield 

.Townshend Hall, O. S. U., Columbus 10 


MacDokell, J. a. — Geology. 

~L (F • 


. 922 National Bank Bldg., Lima 

Machle, W. (F. *41 )—Physiology .Armored Force Medical Lab., Fort Knox, Ky, 

MacKnight, F. C.— Geology, Geography .2780 East Blvd., Cleveland 

MacNeille, H. M .—Mathematics .Kenyon College, Gambier 

MacQuigg, R. E.— Medicine, 

Box 358, Presbyterian Hospital, 622 W. 168th St., New York 32, N. Y. 


Maddox, J. T.— Geography, Physiog, 

Magly, j. W.— Chemistry . ... 

Maharry, T. F,— Geography, Geology, Meteorology... 

Mahr, A. C. (F. ’42)— Anthropology . 

Manchester, R. E. (F. A2)—Mathematics .. . 

Manson, E. S., Jr,— Astronomy, Physics, Mathematics... 

Manuel, W. A. (F. '36)—CAemw/ry. 

Mark, C. G, (F. '20)— Geology, Botany 


22631 Seabrooke Ave., Euclid 17 
2731 Vine St., Cincinnati 19 
.. 169 W. High St., New Concord 
2079 W. Fifth Ave., Columbus 
.. .Kent State University, Kent 
Ohio State University, Columbus 10 
Ohio Wesleyan University, Delaware 
. ,270 S. State St., Westerville 


Martin, C. G.— Chemistry, Physics .Bowling Green State University, Bowling Green 

Mason, H. C (F, ’37)— Zoology. .151 W. Eleventh Ave., Columbus 1 

Masters, C O .—Aquatic Biology . 4367 Gennings Rd.. Cleveland 9 

Mateer, F. (F. ’21 )—Psychology . .31 Monroe Ave., Columbus 

Mather, K. F. (K. ’22 )—Geology Geological Museum, Harvard Univ., Cambridge 38, Mass. 

Mathews, C. O. (F. ’32)— Education, Personnel . 67 N. Washington St., Delaware 

Maxfield, F. N. (F. '32 )—Psycholop .Ohio State University, Columbus 10 

Mayfield, S. M.— Geology, Geography .Bowling Green State University, Bowling Green 

McAvoy, B .—Biology . 108 W. Ash St,, Normal, Ill. 

McCaughey, W. j. (F. *29)— Geology, Chemistry .Ohio State University, Columbus 10 

McCleery, J. M .—Medical Science . . .Muskingum College, New Concord 

McClure, F. A. (F. ’37 )—Botany .316 Willard Ave., Chevy Chase, Md. 

McClure, 0. E.— Physics, Mathematics, Chemistry .Box 648, Athena 

McCormick, R. N.— Zoology. . ... 508 S. Tolley Ave., Muncie, Ind. 

McCullough, A. S .—Petroleum Geology . Clifton, Greene Co. 

McEwen, R. S. (F. ’30)— Zoology. ... .Oberlin College, Oberlin 

McGrew, l.B.^Phys. Sci.,_Chem., BioL, Astro .708 First National Bank Bldg., Springfield 

.116 S. Beech St., Oxford 

.198 Sixteenth Ave., Columbus 

. 227 W. Brighton, Columbus 

. .. c/o U. S. G. S., Box 272, New Philadelphia 
.. .State College Sta., Box 5215, Raleigh, N. C. 

.Ohio State University, Columbus 10 

c/o Charles Cohen, 2018 Belle Ave., Lakewood 

. Ottcrbein College, Westerville 

. 1940 Cordova Ave., Cincinnati 24 

.Ohio State University, Columbus 10 

.Ohio State University, Columbus 10 

.Loudonville Times, Loudonville 

Western Reserve University, Cleveland 

. Granville 

Xavier University, Evanston Sta., Cincinnati 7 
R. R. No. 1 A, Green Springs 


i, J. n., meaicine . 

EL, L. J., Chemistry . 

rese, f., Organic Chemistry.. 
D. F. (F. '30), Zoology.. 


McNelly, W, C. (F. '28)—Zoo/ogy 
McPherson, W. (F. *20)— Chemistry. 

Mead, F. W., Entomology 
Merrels, C. VJ.,Geolop... 

Metcalf, Z. P. (F. *32), Ornithology.. 

Meyer, B. S (F. *30), Botany .. . 

Meyer, J. H., Medicine . 

Michael, T 
Miglarese, 

Miller, 

Miller, E. M., Lt6rartan. 

Miller, E. L, Geology, Geography . 
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STUDIES IN THE BIOLOGY OP THE LEECH IX' 

The Gross Nervous System 

JOHN A. MILLER 

Department of Zoology and Entomology 
The Ohio State University, Columbus, Ohio 

Introduction 

To the student of animal behavior a knowledge of the nervous system of the 
organism under observation is of utmost importance. Experimental evidence 
has provided valuable data regarding the arrangement of the functional com¬ 
ponents of the action system of this organism but in a comprehensive analysis of 
behavior this source of information is inadequate. A review of the work of earlier 
investigators is informative and applicable in so far as they have revealed the 
anatomical organization of the nervous system of annelids in general. The work 
of Whitman, Bristol, and others is especially pertinent at this point inasmuch as 
they were concerned with Hirudinea, and in the case of the latter, with a form 
closely related to the species herein described. I shall undertake in this and 
subsequent papers to present the macroscopic and microscopic anatomy of the 
leech Haemopis marmoraiis (Say). 

I have omitted from the following discussion any details of a cytological and 
histological nature except where imperative. This phase of the study is now 
under careful consideration and will appear at an early date. The writer has 
attempted to avoid a lengthy description of details in instances where a suitable 
illustration can best serve. 


Methods 

In previous papers (1943-44) the writer has outlined in detail new staining 
methods and modifications applicable to the leech. In general it may be repeated 
here that the gold chloride and silver nitrate impregnation methods provide the 
basis for subsequent nerve differentiation. Counterstaining with phosphotungstic 
acid and Masson's stain has advantages in certain instances where tissue^differen¬ 
tiation is also desirable. All of the illustrations, except where otherwise noted, 
are tracings of projected sections. Reconstructions are produced from serial 
sections employing micro-projection equipment. 

The Nervous System of Haemopis Marmoratis 

The gross nervous system of Haemopis marmoratis is for convenience described 
as being composed of the following four divisions. (1) The central system, (2) the 
peripheral system, (3) the subepidermal system, and (4) the visceral system. 

THE CENTRAL NERVOUS SYSTEM 

The central system consists of an anterior cephalization contained in the head 
region, a series of segmentally arranged ganglia connected by the ventral nerve 

^Haemopis marmoratis (Say). 
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cord in the body region, and a caudalization found in the anal region. Ilie 
anterior division of this system is composed of a mass of neuromeres more or less 
ccnnpletely fused, and forming a collar about the esophagus. The dorsal mass is 
referred to as the brain or supra-esophageal ganglion, lliis portion is connected 
with the ventrally located sub-esophageal gpiiglm by the circum-esophageal con¬ 
nectives (Plate No. II, Fig. 1). l^s anterior cephalization represents six neuro- 
meres. The criteria used in this determination conforms with that employed by 
Whitman (1895) and Bristol (1899) in similar studies involving the metamerism of 
Ckpsine and NepheUs, respectively. 

The anal or caudal ganglia ’is composed of eight neuromeres. In this region 
fusion and distortion has t^en place but not to the same degree as in the head 
region just described. Here the number and arrangement of the contributing 
neuromeres can be easily distinguished. A reconstruction from serial sections, 
using the same criteria as before, unmistakably establi^ed the boundaries of each 
ganglion. The number and position of lateral nerves arising from this caudal mass 
corresponds with the capsular number and jurangement. There are eight pairs of 
lateral nerves, one pair emanating from each determined ganglion. 

Lying between the above described terminal portions are twenty ganglia. The 
first eighteen are metamerically arranged, though at the extremities not equally 
spaced. The nineteenth and twentieth ganglia are contained within somite XXV. 
The first three and the last two ganglia in the ventral chain are smaller than the 
the ganglia of the mid-body region. The ganglia of the ventral chain are joined 
together by a pair of nerve trunks extending from the sub-esophageal ganglion 
to the anal ganglia (Plate No. I, Fig. 1). The entire ganglionic chain is contained 
within the ventral blood sinus. 


A Typical Neuromere 

The knowledge of the capsular arrai^ement of the nerve cell bodies in a typical 
gwglion is a prerequisite to the analysis of either the *'brain" or “anal ganglia.” 
^e nerve cell bodies of a ganglion are arranged, in general, in six prim^ clusters. 
Two such groups occupy a median ventral position while the remaining four are 
dorso-laterally placed. Near the center of the ganglion the cells of the latter are 
found to extend to a ventral-lateral position. It is only in the brain and anal 
ganglia that a shift from this general arrangement is noted. The number of 
primary capsules, however, even at the extremities remains constant. Each 
primary capsule is composed of numerous secondary cell clusters. 

Of e(]|ual importance in defining the limits of a neuromere are the extra capsular 
cell bodies. Metamerically arranged cell bodies of this type may be listed under 
one of two classes. First, those whose cell bodies lie within the jdodferm substance 
and whose processes enter the capsular area. The “Oroes” motor nerve cell 
previmaly described by Krawany (1905), Retsius (1802), Smallwood (1990) and 
others is an example of this type. The ow body of the “Gross” cell is outside the 
capsule and usually contain^ within the pl^orm or fibrous portion of the 
ganglion. These are giant multipolar motor cells. (Blustrated Plate I, Pig. 1, 
Miller 1944). 






neuromere contains two “median nerve cells." The cell body of this tvM of “giant" 
cell is spindle idiap^. (Plates Nos. II and III, Pigs. 3 and 5). The odl oodles 
lie within the plexiform or fibrous portion of the ganglion in a ventnsl4nedian 
position. The number and arrangement of the “median nerve cell bodies" is 
eraecially valuable as an aid in (tetermining the limits of the neuromeres con- 
tritniting to the “anal gat^lia." 

A second class of extra-capsular nerve celts are these whose proMsaes do not 
enter the capsular area. Two examples of this type of cdl are fpuTO in the central 
system, both are “guknt" bipolar cells. ’ * 
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The first example, Leydig's'cell (Herman 1875) in addition to being outside 
the capsular aggregation has no connection with the plexiform or fibrous portion 
of the cord. It is present throughout the ganglionic chain, varying in position from 
between the axis of the lateral nerves of a midbody ganglion to an extra ganglionic 
position in the head and anal region. In the midbody region the processes of this 
cell leave the ganglion by way of the lateral nerves. The metameric consistency 
of Leydig's cell makes it a useful landmark in those areas where congestion of 
neuromeres has occurred. (Plate No. Ill, Pig. 1). 

A second example of ‘'giant” cell belonging to class two is the “colossal axial 
cell.” (Plate No. Ill, Fig. 4). This t 5 rpe of cell will be mentioned only briefly 
inasmuch as it does not eSford a basis for determining the limits of a neuromere. 
The nucleus of this cell lies about midway between the ventral ganglia within each 
of the two ventral connectives. The processes extend both anteriorly and pos¬ 
teriorly in the fibrous portion of the ventral cord. There is an experimental basis 
for inferring that the processes of the axial cell extend beyond the adjacent ganglia. 
Although my preparations clearly show the presence of inter-ganglionic processes 
continuing through the ganglion, a single fiber cannot be traced with accuracy 
over so great a distance. 

I have excluded from the discussion at this time the extraganglionic neurons of 
the visceral and subepidermal systems. Reference to these systems will be made 
later in the paper. 

Each body segment in Haemopis marmoratis is represented in the nervous 
system by a ganglion. The number of segments is established as XXXIV. The 
distribution of the ganglia and segments is illustrated in Table No. 1. The 
ganglionic centers of the nervous system are simple repetitions, element for element, 
the “brain” and “anal ganglia” not excepted. Plate Nos. 1 and II, Figures 1, 
2, 3, illustrate the numbers and arrangement of the ganglia together with their 
lateral nerves for the head, body and caudal regions. 

The Head Region 

The head region is designated as that portion df the organism which includes 
the entire anterior cephalization. In Haemofns marmoratis this region extends 
from somite I through somite VL This region includes the first eleven annuli. 

The supra-esophageal ganglion or brain rests upon the dorsal wall of the 
pharynx at the level of the caudal annulus of somite V. Beneath the phar 3 mx at 
the level of the second annulus of somite VI lie the sub-esophageal p[anglia. The 
esophageal connectives extend laterally and ventrally, from the brain. They are 
directed caudad, traversing the first annulus of somite VI, and join the sub- 
esophageal ganglia beneath the pharynx. 

In order to determine the number of neuromeres comprising this region it is 
essential that the capsular number and arrangement as well as the peripheral 
nerves emanating from it be established. Nerve trunks one and two arise together 
from the anterior surface of the lateral connectives. They arise as parallel nerves 
proceeding anteriorly some distance before separating. The nerve cell bodies 
comprising the capsides of the first neuromere are located on the dorsal surface of 
the brain. The capsules of nerve two are located on the connectives. The third 
and fotttth pair of lateral nerves arise near the vortex of the sub-esophageal ganglia. 
Both pairs divide into a dorsal and ventral branch some distance anteriorly. The 
fifth pak of nerves arises near the center of the sub-esophageal ganglia. These 
nerves proceed anteriorly to the level of the connectives as a single trunk before 
dividing into a dorsal and ventral nerve root. The sixth and last pair of nerves 
emanating from the head region, arise from Ihe apical end of the sub-esophageal 
ganglia. Members of this pair divide soon after leaving the body of the ganglia 
(Plates Nos. I, II, Pig. 1). 

The numb^ of neuromeres is thus determined to be six. Whitman (1896) 
established the same number and essentially the same position for the neuromeres 
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in CUpsine. Bristol (1899} fo^nd 9 . like number and poaition to prevail in NepMis 
lattraiis. 

The Body Region 

A complete body segment or somite consists of five annuli. Associated with 
each somite is a single ganglion located within the ventral blood sinus. In 
Haemopis marmoratis, eighteen ganglia are contained within the body region. Tbe 
limits of this region are herein defined as somites VII through XXIV. 

Extending caudad from the sub-esophageal ganglia are two parallel nerve 
trunks. Bach nerve trunk is surrounded by a connective tissue sheath. The two 
main trunks are contained within an envelope which is continuous tlmmghout the 
central nervous system. It has been previously stated that the ventral nerve 
cord, as well as the segmentally arranged ganglia of the ventral chain are contained 
within the ventral blood sinus. The first ganglion (most cephalad) of the ventral 
chain is contained within the first annulus of somite VII. This is the first in a 
series of segmentally arran^ ganglia of the body re|[ion. It is actually the 
seventh gai^lion of the animal and although smaller m tdze than a mid-body 
ganglion it is complete in every respect. From each ganglion of the body region 
arise two pairs of lateral nerves. The ganglia of the ventral chain, exclusive of the 
caudal re^on, occupy the first annulus of each somite. 

The Anal Region 

The anal region includes somites XXV through XXXIV inclusive. Somite 
XXV consists cS two annuli, annulus 102 and 103 respectively. Scsnite XXVI 
includes annuli 104 and 105. Somite XXVII is represented by a single annulus, 
106. Somites XXVIII through XXXIV are contained in the sucking disc. 

Ganglion XIX of the ventral chain (the twenly-fifth of the entire series) is 
located within annulus 102. The XXth ganglion is contained in annulus 103. 
The last two mentioned ganglia are smaller thw typical midbody ganglia. Each, 
however, contains six primary capsular aggr^tions of nerve cell bodies. Ganglion 
XX differs from the other unfused ganglia of the venbM chain in that it gives 
rise to a single pair of lateral nerves in d^oence to the usual anterior and 
posterior pair. 

The '‘anal ganglia” is composed of eight neuromeres, cmd occupies tiie posterior 
third of annulus 103, all of aimulus 104 and tire anterior part of annulus 105. The 
components of this compressed and fused gan^ia retain their fundamental char¬ 
acteristics and 8 U 0 plainly resolvable. Tw exact number and limits of each 
neuromere is established throu^ reconstnictioh of the region wad presented in 
Plate No. 11, Fig. 3. 

In the preceding pages I have stated that the adult Baemopis mariHmttis is 
divisSale into thirty-four segments. This nmnber is characteriatic for B4n$diiua in 
general as the wotk of many previous inyestigators will testify. The results at 
wis study confirm earlier wonc in ^is respect, but I submit in defoenoe to some 
that the allocation of specific segments to a particular body regkm capnot be 
made by generalizing from a study of a t^oedes or two. 


BXPI^NATION OP PLATE I 

Pig. 1, This is a donal visw of the anterior portfon of Baomopis il hm reti a g )Ae aeta* 
roeric position of the central and per^ihetal meman lyateen within the fleat seven aoniitM' 
The aomites an fadicated by Ronun iwaerala and tite anOaU an;nqnlM^iB>lM4tkfi|iinf> 
The paind peripheral naryee an iUuSWatad os theajgbt «d an inmAieiao ay RoBiaapiBiMi^* 
(The nerveam the left side en opiltted for olar^™ 

AinasnaiMpa 

rub. en. g.aubeaophaceel ganglia eqpra. eeo. g.4«p r e e e nrt ng;a jf P pMfi a 

v.o.c.... t.... ' 








EXPLANATION OF PLATE II 

Fig. 1 This is a reconstruction of the nervous system of the head region as viewed from 
the lateral aspect. The central, peripheral and visceral systems are included in a single draw- 
mg to illustrate their relationship as well as their metamenc position The origin and general 
distribution of the peripheral nerves emanating from the right side of the collar and sub* 
esophageal ganglia are illustrated and numbered The first ganglion of the ventral chain is 
included in this illustration and occupies the first annulus (No 12) of somite VIJ. The vis¬ 
ceral nervous system, as viewed from the right side, shows a ganglionic mass, circumesophageal 
trunks and anterior-posterior libers 

Fig 2 This is a lateral view of the posterior portion of Haemopts as reconstructed from 
serial longitudinal sections. The anatomical relation and metamenc position of the ganglia 
and iieripheral nerves in the caudal region are illustrated The ganglia of the ventral chain are 
numbered in Roman numerals from I to XX inclusive. 'Fhe six ganglia contained in the head 
region and the eight ganglia comprising the “anal gangluP* together with the twenty ganglia 
of the ventral chain constitute the thirty-four ganglia of the leech. (Ganglia XX of the 
ventral chain is therefore the twenty-sixth ganglion of the leech ) A single pair of lateral 
nerves emanates from ganglion XX. Eight pairs of lateral nerves, one from eacn contributing 
ganglion, extend from the “anal ganglia." The live anterior pairs are directed camlad, the 
posterior three pairs unite in forming a large caudal nerve trunk. 

Abbreviations 

anal, g 
anl. n 
d. 1. cap 
1. n. s 
med n c. 
post n 


anal jjangliou sub. eso. g 

anterior nerve v b, s 

dorso-lateral capsule vis. f., 

lateral nerves vis g 

median nerve cell body vis. t 

,j)Ostenor nerve 


suhesophageal ganglia 
ventral Ijlood sinus 
visceral fibers 
visceral ganglion 
visceral trunks 
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EXPLANATION OF PLATE HI 

Note - The dm wings in 1^1 ate III are traced from projected sections. Each with a mag¬ 
nification of SO diameters. 

Fir. ]. 'Phis IS a horizontal longitudinal section through the dorsal hemisphere of a 
niid-l>ody ganglion. A portion of each of the dorsal paired capsular areas (d. p cap ) is illus¬ 
trated Many fiber tracts, nerve cell bodies and processes have been omitted in order to 
illustrate the general pattern Leydig’s cell (L. c.) is shown in the extra-capsular area 
between the :uitenor and posterior lateral nerves 

Flo. 2. This IS a cross-section through a mid-body ganglion at the level of the posterior 
nerve. 

Fu., 3. This IS a cross-section through a mid-i»ody ganglion lust an tenor to the anterior 
nerve, 

Fio. 4 This is a cross-section through the ventral nerve cord about mid-way between 
ganglia. This section was selected to illustrate the cell body of a colossal axial cell, (c a. c ) 

Fi(#, 5 This is a cross-section of a mid-body ganglion at the level of the <‘ell body of a 
median nerve cell. (med. n. c.) 


Arbrfviations 


ant. 

anterior 

1 f 

longitudinal fibers 

ant. 1 n 

anterior lateral nerve 

1 n 

lateral nerve 

a p 1. 

anterior-posterior fiber tracts 

med V. cap 

median ventral capsule 

c. a. c. 

colossal axial cell 

med. n. c 

median nerve cell 

d. 1. f 

dorsal longitudinal fiber tracts 

plex. sub. 

plexiform substance 

d p cap 

. dorsal primary capsule 

post 

jxjsterior 

ex. cup 

external capsule 

jK^st 1. n 

,posteri(ir lateral nerve 

ini cap. . 

internal ca^isule 

V b s 

ventral blood sinus 

L c. 

Leydig's cell 

v. 1. b 

ventral longitudinal fibers 


240 



Leech Nervous System 
John A. Miller 


Plate III 









No. 6 


LEECH NERVOUS SYSTEM 


243 


I have defined three regional divisions for the leech under consideration, namely, 
the head region, the body region and the anal region, In each division the num¬ 
ber of neuromeres correspond to the number of segments, as follows, the head 
region six; the body region eighteen; and the anal region ten. I classify however; 
the first two ganglia (JuCV and XXVI) of the anal region as ganglia of the ventral 
chain exclusive of the “anal ganglia.” Thirty-four ganglia are thus determined 
and distributed, one for each body segment. 


TABLE I 


Head Region consists of; 

Somites I to VI incL 
Body Region consists of: 

Somites VIl to XXIV incl. 
Anal Region consists of; 

Somite XXV 

Somite XXVI 

Somites XXVII to XXXIV 


Head Region contains: 

Oan^ia I to VI incl. 

Body Region contains: 

Ganglia VII to XXIV incl. 
Anal Region contains: 

Ganglia XXV and XXVI 
GangUa XXVII to XXXIV 
No ganglia 


THE PERIPHERAL NERVOUS SYSTEM 

In this system are included the paired lateral nerves and their branches emanat¬ 
ing from the ganglionic masses of the central nervous system. From each ganglion 
of the body region there arises two pairs of lateral nerves. They emerge from the 
lateral boirier of the ganglia extending in a horizontal plane at right-angles to the 
long axis of the body. The anterior pair emerges near the center of the ganglion, 
the second pair just posteriorly to the first. Each lateral nerve separates a short 
distance from the ganglion into a dorsal and ventral branch. The divisions and 
subdivisions of these lateral nerves innervate a portion of the preceding segment 
as well as the segment in which they arise. 

The nerves of the anterior pair are not single nerves as careful study will 
disclose. Each one is formed by the fusion of ajdor^l and ventral root... The 
fibers of the dorsal and ventral root combine to form a single nerve trunk at the 
point where the lateral (anterior) nerve leaves the body of the ganglion. There 
is no evidence that the posterior pair arises in the manner just described for the 
anterior pair. It might be of interest to state that in certain leeches, Clepsine for 
example, there are three pairs of lateral nerves per segment. It has been suggested 
by some writers that in those leeches possessing but two pairs of lateral nerves per 
segment, that the anterior pair represents a fusion of the first two in those forms 
having three pairs per segment. 

Exceptions to the above described pattern in the midbody region are found in 
the head and anal regions. In the head region a single pair of lateral nerves 
emanates from each of the first five established ^nglia. The branches of these 
five extend to the anterior margin of the prostommm and oral sucker. Prom the 
sixth and last ga^lion of the head region emerge two pairs of lateral nerves. These 
innervate the sixth segment in a pattern comparable to that described for a 
midbody segment. 

In tihft region MUiglion XIX gives rise to two pairs of lateral nerves and 
as such does not differ anatomically, except in size, from a midbody ganglion. 
Ganglion XX is the last and also the smallest in the ventral chain. Emerging 
from the posterior third of this gai^lion is a single pair of lateral nerves which is 
directed caudad. From their position and structtiftil composition they should 
be consldeted as homologous to the posterior (second) pair of lateral nerves of a 
typical ganglion. The baches of this nerve extend into somite XXVL 

The anal gat^ia, consistiiig of eight neuromeres, give rise tb eight pairs of 
lateral nerves. The first pair innervates somite XXVII, the remaining seven 
pairs innervate the sudker. The last three pairs emerge from the posterior 
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boundary of the anal ganglia and proceed posteriorly as a group. (See Plate 
No. II, Figs. 2 and 3). 


THE SUBEPIDERMAL NERVOUS SYSTEM 

The presence in annelids of a nerve net outside the central nervous system has 
been previously rcporttnl by a number of investigators. Among them, Bristol 
(1899) refers to the 'intermuscular nerve ring,*' Langdon (1905) and Ogawa 
(1934-39) include in this system the nervous components of the baseepiment. 
Hess (1925) in referring to the subepidermal nerve plexus, includes the segmental 
nerve rings and their peripheral components. In Hess's paper (1925) on Lum- 
bricus there is presented the functional as well as anatomical relations of this 
system to the central nervous system. A preliminary description of the sub- 
epidermai system of Haemopis is given in a previous paper by the author. Miller 
(1933) Improvements in invertebrate neurological technique, Miller (1944) 
have made possible the following supplementary statements relative to this phase* 
of the nervous system in H. marmoratis. 

The intennuscular nerve rings are scgmcntally loc'atcd in the scc’ond and fifth 
annulus of each complete somite. Each nerve ring has, as previously reijorted, a 
dorso-lateral and ventro-lateral concentration of nerve cell bodies. Lesser aggre¬ 
gations of c^ll bodies are found more medially than reported earlier. All of the 
observed cell bodies of this ring are located within the median longitudinal muscle 
later. The processes of these cells, combine with the processes of the more peri¬ 
pherally located nerve cells on the baseepiment forming a network beneath the 
circular muscle layer. This network is connected with the central nervous system 
through peripheral fibers of the paired lateral nerves. 

The segmentally arranged intermuscular nerve rings are joined with each other 
by anterior-posterior connectives. These connectives have been described as 
single neurons more or less evenly spaced over the dorsal, lateral and ventral 
surfaces. Further that the cell bodies of these connectives are located some 
distance from the nerve rings. (Bristol (1899) for Nephelis lateralis). Exper¬ 
imental as well as anatomical evidence verifies the existence of such connectives 
in Haemopis marmoratis. In preparations available to me only dorso-lateral and 
ventro-lateral connectives are resolvable, and they appear to consist of numerous 
fibers. The location of the cell bodies of these connectives has not as yet been 
determined. These connective fibers join with those of the nerve ring in the 
regions of concentration of cell bodies. 

The function of the peripheral system is of utmost importance in understanding 
certain phases of annelid behavior. I have discussed this aspect at some length 
in previous papers (Miller 1933-36). An accurate knowledge and an adequate 
tmderstanding of the nervous system is a necessary prerequisite to the analysis 
of the behavior of any animal. 

THE VISCERAL NERVOUS SYSTEM 

This division of the nervous system is referred to by most investigators as the 
sympathetic system. As far as I am able to determine this portion of the nervous 
system is associated entirely with the visceral o^ans, and is not metamerically 
arranged. The only demonstrable connection with the central system is in the 
region of the esoph^eal connectives. 

The ganglionic masses of the visceral system are confined to annulus eight. 
They lie medially in relation to the esophageal connectives and are partly obsemned 
by them. They consist of ganjglia locai^ on the dorso-lateral surface of the 
pharynx and joined by a wide circumesophageal band of connectives. Numerous 
bundles of nerve fibers extend from this visceral nerve center. 



No. 6 


LEECH NERVOUS SYSTEM 


245 


From the ganglionic masses there extends anteriorly numerous bundles of fibers 
into the buccal cavity. Posteriorly similar bundles extend laterally over the sur¬ 
face of the alimentary tract. In addition to the lateral bundles just mentioned 
there is a dorsal and a ventral bundle extending from the connectives^ the fibers of 
which form a plexus with the branches of the lateral bimdles. muscular 

surface of the alimentary tract is in this manner covered with an intricate network 
of fibers. These fibers are however, of two types regarding their origin. Many 
of them are continuations from the dorsal, ventral and lateral bundles. Others 
are the extensions of multipolar nerve cells, the cell bodies of which lie within the 
muscular wall itself. This system is continous over the entire viscera. (Plate 
No. II, Fig. 1). 

The histology of the entire nervous system of Haemopis marmoratis will be 
presented by the author in the very near future. 

Summary 

1. This study is concerned with a single species of leech, Haemopis marmoraiiSy 
(Say). 

2. Silver nitrate and gold chloride impregnations provide the basis for nerve 
differentiation. 

3. The illustrations are tracings of projected sections or reconstructions from 
serial sections. 

4. The gross nervous system is composed of four divisions; namely, (1) central, 
(2) peripheral, (3) subepidermal, and (4) visceral 

5. The le^ch is divided into three regions; namely, (1) head, (2) body and (3) anal. 

fi. The central nervous system consists of an anterior cephalization contained in 

the head region, a series of segmentally arranged ganglia connected by the 
ventral nerve cord in the body region, and a caudalization found in the anal 
region. 

7. The anterior cephalization represents six neuroperes, and is contained within 
somites V and VI, 

8. Excluding the subesophageal and anal ganglia there are twenty ganglia in 
the ventral chain. The first eighteen of which are within the limits estab¬ 
lished for the body region, the remaining two ganglia are in the anal region. 

9. The anal or caudal ganglia is composed of eight neuromeres, and is contained 
within somites XXV and XXVI, 

10. The adult body of E, marmoratis is divisible into thirty-four segments. 
Thirty-four ganglia are resolvable and distributed as just indicated. 

11. The ganglia of the ventral chain are joined by a pair of nerve trunks extending 
from the subesophageal ganglia to the anal ganglia. This portion of the 
central system is contained within the ventral blocS sinus. 

12. In each ganglion the nerve cell bodies are contained, for the most part, within 
six primary capsules, two are median ventral, four are dorso-lateral. 

13i Extra-capsular nerve cell bodies are found in the central nervous system, 

* within the ventral nerve cord, within the plexiform substance of the ganglia, 
and within the ganglia but outside the capsule. 

14. Six pairs of latwal “"nerves arise from the anterior cephalization consisting of 
the brain, circuiftesophageal connectives and subesophageal ganglia. 

15. Extending laterally and in a horizontal plane are two pairs of lateral nerves 
emanating from each body region ganglion. 

J.6. The anterior pair of nerves is form^ ^ the union of a dorsal and ventral root. 
li. Prom the posterior third of ganglion 3 lX there emerges a single pair of lateral 
nerves, 

18, Emanating from the anal ganglia are eight pairs of lateral nerves. The three 
posterior pairs emerge as a group and are directed caudad. 



246 


JOHN A. MtLLER 


Vol. XLV 


19. Intermuscular nerv6 rings are segmentally located in the second and fifth 
annulus of each complete somite. With each nerve ring is associated a dorso¬ 
lateral and ventro-lateral aggregation of nerve cell bodies. 

20. The peripheral nerve net is situated beneath the circular muscle layer, and is 
connected with the central system through peripheral fibers of the paired 
lateral nerves. 

21. The visceral (sjnnpathetic) division of the nervous system is associated entirety 
with the visceral organs. There is no indication of segmentation and its only 
connection with the central system is in the esophageal region. 

22. The ganglionic masses of the visceral system are confined to annulus eight. 
Bundles of fibers emanating from the visceral ganglia extend anteriorly into 
the buccal cavity and posteriorly over the surface of the viscera. 

23. Posterior visceral fiber§,^ujjplemented by processes from nerve cells in the 
viscera form a plexus ovct the surface of the organs. 
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Rew Cropa for the Kew Worid 

This book is of paramount importance to those who are interested in ttopi^ agriculture 
and particularly in the new phases that have devdoped in Latin America. Dr. wUson Popenoe 
has contributed^ two of the chapters, '^The undeve]c^;>ed field of tropical fruits" and "Chicnona, 
the fever tree."" From his years of experience as pkmt explorer, research director for the tJnited 
Fruit Comply and now Director de la Escuela Agrkola Panamericana, Popenhoe is known 
far beyond his special fidd of interest. Bt^ar Anderson, Albert O. Rboad, Miriam Li Bomhard, 
Walter N. Bangham, E. C. Higbeej^C, P. Clausen, Arthur Bevan, George £. Adames, Atherton 
Lee, A. T. Erwin, B. Y. Morrison, P. Honig, and V. C, Dunlap complete the list of contributors 
to make a book that contains too much carefully worked over data entertainingly presented 
to fit into a brief review. At no time before hate so many biologically trained Persians aB 
directed their effort toward the development of western hemisphere crops. The reader can gain 
an understanding of what the world may expect from teamed sJfort.— A. E, WaUer, 

New CroM log the New World. Edited by'Charles &^arrow Wiison. The Macmillan 
Company, New Yoric, 1946, pp. 295. 13.60. 



ON THE STRUCTURE AND MECHANICS OF THE 
PROTOZOAN FLAGELLUM^ 


HARLEY P. BROWN 

Department of Zoology and Entomology, The Ohio State University* 

The flagellum is an organelle of exceedingly wide distribution among both 
animals and plants. Among the Protozoa, it occurs not only in all of the Mastigo- 
phora, but also in many Sarcodina and Sporozoa during part of their life cycle. 
The swarm spores and gametes of certain algae and fungi possess flagella, as do the 
sperm cells of bryophytes, pteridophytes, and cycads. The tail of the typical 
animal spermatozoon is probably nothing more than a flagellum. Tte cilia of the 
ciliate Protozoa and of metazoan ciliat^ epithelium in all probability represent 
modified flagella. There is reason to believe that the bacterial flagellum is perhaps 
the simplest and most primitive manifestation of this organelle. In spite of the 
apparent diversity of form and function represented in these numerous examples, 
it seems highly probable that the organization and mode of functioning are 
fundamentally similar in all. 

During the past century numerous investigators have studied the structure 
and mode of action of flagella, and their conclusions have varied widely. Certain 
facts have been established, but many points have remained open to question. It 
has been evident for some time that new techniques would be necessary for the 
settlement of such questions. Today the electron microscope, with resolution and 
accompanying magnification far beyond the limits of the ordinary compound 
microscope, provides such a new technique for the study of minute structures. 

Having access to an electron microscope and to pure clone cultures of several 
flag:ellate Protozoa, I undertook an intensive study of flagellar structure, the 
major results of which are embodied in this paper. Flagellar action and flagellate 
locomotion I investigated by direct observation with the aid of a special technique, 
by the construction of working models, and by^ actual underwater swimming 
experiments. 

The work was done at the suggestion and under the supervision and encourage¬ 
ment of Professor W. J. Kostir, to whom I am especially indebted. The electron 
microscope employed was one constructed by Professor A. F. Prebus, of The Ohio 
State University, and operated by him and his assistant, Mr. John Dankworth, to 
both of whom I here express my appreciation for invaluable assistance. 

Review of Previous Work on the Subject 

STRUCTURE OF THE FLAGELLUM 

Until the 1880's or later, the flagellum was generally considered simply an 
elongate, homogeneous fiber, bearing no appendages, and characterized by weak 
sbpining (Bfitschli, 1883-7; Klebs, 1892; Dangeard, 1901 b). The flagella were 
usually depicted as tapering to a point, but Bfltschli considered them commonly 
of equal diameter through^t their entire length, or tapering only slightly at 
the end. 

In opposition to «uch views appeared the papers of Kunstler (1882, 1889), 
Loeffler (1889, 1890), and Fischer ^894, 1895). The former described (Kunstler. 
1889, p. 408, tiianslation) *‘ . . . a dark axial line resemblir^ a slit or canal, partic- 

^From a dissertation submitted to the Graduate School of The Ohio State University in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

*Tha present address of the author is: Department of Zoology, University of Id^ho, 
Mosoow^ Idaho. 
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ularly when the filaments observed are well ©ctended horizontally; in these cases 
one may often distinguish delicate transverse septa, dividing the axial cleft into 
rather short sections.*' (Fig. 1 a). The dark sections he considered to represent 
vacuoles which are separated from one another by septa of the transparent ground 
mass which surrounds them. He also described a cortical layer or sheath (Fig. 
1 c) which was often separated from the ground substance and its enclosed slit. 



Fig. 1. a. **Oxyrrhis marina. Portion of flagellum showing the central fissure sufficiently 
enlarged to be quite clearly visible, and appearing like a slit or axial groove divided into a 
series of hollows by delicate transverse septa.” b. Oxyrrhis marina, “The same flagellum 
(as c) seen at a place where the outer layer is detached only on one side, and only incorapTetely, 
in such a way as to form a rather regular sort of corrugation. The cleft which separates it from 
the internal axis becomes increasingly narrower, and, farther along, even disappears.” 
c. *‘Oxyrrhis marina. Portion of flagellum greatly enlarged and treated with chromic hematox¬ 
ylin. The undulated outer coat is completely detached from the axial substance.” (Redrawn 
from Runs tier, 1889, Plate XIX.) 

To the presence of this enveloping membrane he attributed the weak stainability 
of the flagellum. The axial substance he considered the more contractile portion. 
Kunstler also first described an interesting external structure in the flagella of 
Oxyrrhis and Cryptomonas: "... the attenuated extremity often seems prolonged 
in a pale filament, thinner than the flagellum and of a different appearance (Pig. 2). 
The limits of the flagellum proper are distinguished clearly; suddenly, at its tip. 



, Fio. 2. “Oxyrrhis marina. Theoretical figure r^esenting certain flagella. One sees at 
the end of the true flagellum the pale filament which may be observed in many cases. The 
sa'me may be seen in Cryptomonas ovata.” (From Kunstler, 1^, Plate XX.) 

the diameter and appeeu^nce change; there b^ins a tran^arent filament, hardly 
visible, very slgjjl er, sometimes ending in a dight swelling.” 

Loeffler (181^ independently described this last>mentioned structure, employ¬ 
ing a new technique he was using for bacterial flagella. He suggested that the thick 
basal part might be a sheath, from which extends the delicate protoplasmic fiber 
in the manner of a pseudopod, slightly swollen terminally. Tte apical swelling, 
he postulated, might function as a tactile organ. Loeffler also discovered on the 
/' 
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fla^llum of a monoflagellate (perhaps Oikomonas) two dense rows of extremely 
delicate haire, projecting almost at right angles to the axis of the flagellum, one 
along each side. (See Fig. 3). He did not investigate the possibility that in life the 
hairs actually might cover the filament instead of being arranged in two rows, and 
in drying be flattened down laterally, producing the impression of two rows of 
hairs. At any rate, he had described and figured photomicrographs of two pre¬ 
viously unknown appendages, and outlined his method in detail. 



3 



Fig. 3. Monas sp. ? The first published figure of a flimmer-flagellum, from a mordant- 
stain preparation designed for bacterial flagella. (Redrawn from Loeffier, 1889, Plate II.) 

Fig. 4. Euglena viridts. a. “Cast-off flagellum . . . still completely stretched out; 
untwisted, with the hairs on one side . . b. “A cast-off flimmer-flagellum rolling up, par¬ 
tially swollen and therefore with an apparent axial fiber,’* c. “A cast-off, rollmg-up flagellum 
which had previously become uniformly swollen and cctfiseguently shows no such apparent 
structure'* (as Fig. 4 h). Prom preparations of undiluted culture dried upon cover glasses in 
about one-half hour, and treated with a modification of Loeffler's mordant-stain technique. 
(Redrawn from Fischer, 1894, Plate XI.) 


Fischer (1894), using a modification of Loeflier’s technique, made a careful 
study of the flagella of Euglena viridts, Monas gtUiula, and species of Bodo, Chloro- 
goniutn, and Polytoma, He confirmed Loeffler’s findings and discovered that in 
Euglena the flagellum bears but a single row of hairs (Pig. 4), while that of Monas 
has two opposite rows. He termed these flagella Flimmergeisseln, or ciliated 
flagella. Since “flimmer" appears to be a convenient word for the structures, and 
does not carry any obvious implications in the English language, I shall hereafter 
employ the term “flimmer-flagellum” in reference to any flagellum bearing hair-like 
projections along one, two, or all sides. 

Whip-flagella, or Peitschengeisseln, Fischer found in Bodo, Chlorogonium, and 
Ptdylotna, and described as follows (p. 230, translation): “The whip-flagellum 
consists of a thick homogeneous stalk, previously thought to be the entire flag¬ 
ellum .(the only part ^d8iDle in unstain^ specimens) and, arising from its tip, a 
very delicate whip-thread 2-3 times as long as the stalk. 'This thread is slung 
about like a coach-whip by the strokes of the basal stalk.” 

Fischer observed in Euglena what he concluded to be an artifact arising from 
incomplete swelling: “ ... the central, not yet swollen part of the flagellum appears 
as a denser, more strongly stained axial flbef, while the outer, swollen part, seems 
a less dense, more weakly stained ground substance.” (See Pig. 4 b). Further, 
“In Pdytoma and Bodo, a relatively commonly seen granular structure of the basal 
part of the whip is likewise only ^ result of the technique. This flagellar structure, 
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which agrees with that described by Kunstlar, k to be legaxded in this light” (i. e., 
as an artifact}. (For further discussion of ^ granular af^iescsnoe, see Gdei, 1926.) 

Fischer studied in detail the processes of flagellar (hrintegratioo, wbereiby he 
nsade his observations on the artifloal nature tte granular or alveolar appearance 
of certain flagella. He figured in detail many examples of all the above-mentioned 
types, and discussed each mattet thoroughly. In q>ite cf the fact that he could 
(l^onstrate no natural inner structure m either whip- or flimmer-flagellum, he 
stated (p. 204); “ . . . yet there is no doubt that the apparently homogeneous fiber 
must possess a very fine structure made up of definitely arrwged particles 
(micelles), toward which point the twisting of ^ flagellum, its rolling up, and the 
arrangement of the flimmer-hiairs." 

Regarding the arrangement of the flimmer, Fischer assumed that they must 
beat in unison, since, on any given flagellum, dl the dimmer project in tlw same 
direction. 

For years flimmer-flagella were generally considered artifacts, perhaps the 
result of a final wriggle and smear, or of chemical action (Plenge, 1898; Dangeard, 
1901b; Bfitschli, 1902; Schuberg, 1906; Korschikov, 1923; Gather, 1928). On 



Fig. 6. a. “Synun uvtUa Efarenb. A cell from the colony with flimmer- and whip- 
flagella.” b. “Sitlpintotca %p." (Redrawn from Peteraen, IMQ.) 

Pig. 6. Schematic flimmer-flagellum showing appearance which would be expected to 
occur in a twisted flagellum if the Simmer wisted in two iateral rows, rather than all over 
the surface of the flagellum. This sort of a{^aranoe has not been observed in qtedmens, 
although many of the observed flagella have probably been twisted. (Prom discussion and 
diagram.of Vlk, 1988.) 

the other hand, most of these workers confirmed the existence of whip-flagella, and 
in many cases observed such structures in living specimens. Dunng the latter 
part of the period covered by the above references, several investigators were, 
however, confirming the reports of Fischer and LodBer. Petosen (1918) dem¬ 
onstrated the two fkigella of Symtra uvdia to be of different types (Fig. 5a); ” . .. 
the one of whiplike form, the other a pinnate flagellum showing two opposite rows 
of little secondary filaments, and resembling a feather; it is to be presumed, how¬ 
ever, that these [filaments] extend from all sides of the primary filament.” (Trans- 
l ation from summary in French.) Petersen also found mmmer-flagella in Uroikna 
and Di^hrycn. In a later paper (1929) he e»panded his observations to a luge 
number of forms, some possessing onlv whip-nagella, some only flimmer-flagelui, 
and some having one of each. He uso descti^ a combination wl^flimraer- 
flagellum in Craspedomonads. (Fig. 6; 6). Ihe distribution among tte notoeoa of 
consistent flagellar types fits well into the adoepted scheme of classification. 
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Mainx (1928), though failing to demonstrate flinuner-flagella in several species 
r^KHTted to possess them, confirmed their presence in Eugkna viridis and figured 
exoeltent photomicrographs of the flimmer-fiagellum of Pkacus pUnroneOes. His 
most exacting atteinpts to observe flunmer on the living flagelltun failed. In 
consideration of th^ extreme regularity along one side of the flajmllum, their 
presence with or without fixation, etc., he concli^ded that they oomd hardly be 
artifacts. He considered them, however, not mottle, as Fischer had assumed, but 
rather simply as devices serving to increase the flagellar surface. 

Petrova (1931) employed fi^ellar types in the solution of a taxonomic problem. 

Deflandre (1934), ttsing a very different method of pr^ration, confirmed the 
presence of whip- and fiimmer-fiagella in many organisms, and considerably 
expanded the list of species studied. 

Vlk (1931, 1938) has perhaps treated the problem most thoroughly, expanding 
and organizing the described types, and tabulating his results. For a more 
thorough treatment of this phase of flagellar structure, the reader is referred par¬ 
ticularly to Vlk, 1938, or to Deflandre, 1934. Vlk even succeeded in observing 
flimmer (in two distinct rows) on the flagellum of active, living specimens of 



Fig. 7. a. Whip-flaxella of Cklamydomonas moewusii. b. Whip-flagella of CMamydomoms 
sestintntit. (Redrawn from Gerloil, 1040, to show variations in length of whip.) 

Pig. 8. Cyclidium glaucoma. Silver preparation. Greatly enlarged cilium showing the 
axial fiber extending from the basal granule through and beyond the “contractile" sheath, and 
ending in an enlargement. The dark areas in the sheath are irremlarly spaced and even lacking 
in some of the cilia nearby. A silver line connects adjacent basal granules. (Redrawn from part 
of Text Figure 34, Klein, 1030.) 


Mallomonas acaroides, a species having an unusually large flagellum. These 
flimmer are described as having a length about 6 times the diameter of the flagellum 
proper. He was able to demonstrate these living flimmer-flagella to members of 
the institute staff, including Professor A. Pascher. 

^Unfortunately, Kudo (1939), in his brief treatment of the flimmer-fiagellum, 
gave all credit to Vlk but misrepresented Vlk’s diagram of a two-row flimmer- 
fiagellum (Fig. 6). The error is certainly unintentional, but misleading. This dia¬ 
gram, which Kudo t^d Ulustrate a two-rowed flimmer-flagellxim, was originally 
intended by Vlk (1^8, p. 486) to represent a situation which skould occur in 
twisting if the fia^lltun actually bears two distinct flimmer rows. But such a 
situation had never been observed. Instead, the flimmer of these forms usually 
swear somewhat as in Pig. 3 or Pig. 5 a. In other words, Vlk used it as a probable 
indication that the flimmer, in most organisms at least, are distributed on the 
sirrface of the flagellum like the hairs on a dog’s tail, end not just in two 
lateral, rows. 
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Recognition of the whip-flagella has been rather general, and they seem almost 
universally accepted today. Gerloff (1940) figures the whip-flagella in many 
species of Chlamydoftioms, A considerable variation in relative length of lash and 
stalk may be noted (Fig. 7). Many authors (e. g. Awerinzew, 1907; Minchin, 
1922) consider the lash or end-piece as a portion of an axial fiber extending beyond 
the enveloping sheath of protoplasm and membrane. Cilia are now commonly 
considered to have a similar structure (Klein, 1929). Klein seems to agree with 
Loeffler’s hypothesis that the terminal swelling of the lash (Pig. 8) may have a 
sensory function. 

Figure 8 (or 10 a) will also serve for a discussion of the generally accepted 
concept of the internal structure of a flagellum. Most textbooks and articles on 
the subject agree to the presence of an axial fiber surrounded by a protoplasmic 



10 


Pig. 9. Flagellum of Peranema in which the axial fiber and outer membrane are intact, 
although part of the intermediate substance has swollen and formed a knot or coil of the axial 
fiber. (Redrawn digrammatically from Korschikov, 1028, Pig. 1.) 

Fig. 10. a-c. Flagellum of Chilomoms porameeium undergoing disintegration (half* 
schematic). The protoplasmic portion flows together into droplets, exposing the axial fiber 
and allowing it to straighten, a. Ctratium tripos. Part of contracted longitudinal flagellum. 
(Redrawn from Awerinxew, 1007.) 


sheath. Beyond that there is much less agreement. A few consider the axial 
core as the major contractile or vibratile portion, the sheath serving as a support¬ 
ing structure (Rosskin, 1922; Calkins, 1933). The vast majority think differently. 
(BCitschli, 1902; Schuberg, 1905; Awerinzew, 1907; Goldschmidt, 1907; Williams. 
1907; Erhard, 1910; Hamburger, 1911; Minchin, 1922; Korschikov, 1923; Ekiflein. 
1929; Klein, 1929; Kudo, 1939; Hyman, 1940). 

Tlie flagellum (or its axoneme) usually arises from a basal granule (blepharo- 
plast), apparently essential to the contimira function of the organelle. In certain 
forms the flagellum has two roots and basal granules (e. g. Euglena; Wager, 1899; 
Hall and J^n, 1929). For information on other mMes of attachment, see 
Prowazek, 1903; Goldschmidt, 1907; Schouteden, 1907. 

Regarding the interrelationships among axoneme, surrounding plasm, and 
outer membrane, there are interesting reports, based upon studies of disintegrating 
flagella, which throw light upon the subject. Fischer (1894) made extensive 
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observations on the coiling or rolling-up of flagella, noting that the process might 
begin at either end of the flagellum or at any point in between. Korschikov 
(1923) confirms Fischer’s description of flagellar “aggregation'’ (Figs. 4 6, c; 
Fig. 9), summarizing his observations as follows (translation from German sum¬ 
mary) : “The axial fiber and the outer membrane are the most resistant structural 
components of the flagellum. In the ‘aggregation’ of the flagellum, the inter¬ 
mediate substance is first destroyed. In the corresponding region the membrane 
becomes swollen. In the course of this process, the axial fiber is drawn into the 
swelling and forms there a ball or coil (Fig. 9). Afterward, however, when this 
blister of the flagellar membrane is destroyed, the axial fiber is freed and stretches 
again in length.” 

Awerinzew (1907) and Hamburger (1911), describing flagella undergoing 
destruction, state that the “protoplasmic” portion of the flagellum rounds into 
globules which proceed to flow or withdraw toward the base of the flagellum, 
either leaving the axoneme exposed and straightened out (Awerinzew) or telescop¬ 
ing it (Hamburger). (See Fig. 10.) All of these facts tend to indicate an elastic, 
upporting axoneme. 

tJlehla figures, but barely mentions, an interesting flagellar structure (Fig. 15), 
reminiscent of Kunstler’s diagrams, but seen in living flagella. 



Fig. n. a. "The uncoiled fibrils of the flagellum of Euglena.” b. "Euglena with the 
fibrils of the flagellum branching out into a system of rootlets in the protoplasm of the body.” 
‘‘This structure is demonstrated with ease by subjecting a flagellum to slight pressure.” 
(Drawn from Dellinger, Figs, 1, 3.) 

Roskin (1922, 1923) postulates and Korschikov (1923) asserts that the axial 
fiber consists of a great number of thin fibrils. Koltzoff (1903) stated that in 
certain pteropods the cilium “consists of several fibers which are encased in a 
common fluid plasma layer . . , the inner fibers running to the basal body . . . 
Schmitt, Hall, and Jakus (1943) figure cilia {FrotUonia) and flagella (Trichonympha) 
frayed into 9^11 fibrils. 

Dellinger (1909), who figures fibrils in both cilia and flagella (Fig. 11), states: 
“ . . . the flagella of Euglena, Chilomonas and Spirillum are composed of four 
spiral filaments.” He also depicts the axial filament in the pseudopod (axopod) 
of AcHnospkaerium (HoJiozoa) as fibrillar, A similar structure is describe in the 
heliozoon axopod by Rosskin (1925). For discussions of the possible homology 
between such pseudopods and flagella see Minchin (1922). Goldschmidt (1907). 

The fl&gella of many bacteria entwine in a tuft and function as a imit, in some 
cases even becoming encased with a glutinous mass which keeps them bound 
together (Reichert, 1909; Clehla, 1911; Meteier, 1920; Pijper, 1^1; Hutchinson 
and McCracken, 1943). TTiis situation is perhaps analogous to t^t occurring in 
cirri or in the “cilia” studied by Gray (1922) and Carter (1924), in which a number 
of unite capable of beating individually are united into a single organelle. 
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Spero tails di^lay a fibrillar axis and an encloatng sheath, and have been more 
exhaustively studi^ than fia^ella. Furthermore, they are pcbbably homolc^ioos 
to the protozoan flagellum, although the details of the hrmanogy are irot yet set* 
tied (Dangeard, 1901a; Al^ieff, 1924; Grass5, 1926; Duboscq and Grass^, 1933). 
Subsequent to the work of several investigators, BaUowiU stated in 1890 that 
many ty]^ of sperm tails frayed into 2-4 subfibrila In his paper of 1908, he 
figures tails fra^ng into as many as 18 subfibrils. Kolteoff (1909) produces inter¬ 
esting figures of sperm tails, including such as Pig. 12, showing a sheath of helically 
wound gel fibrils. Recently the electron microscope has made possible more minute 
studies. Several articles (Baylor, Nalbandov, and Clark, 1943; Harvey and 
Anderson, 1943; Schmitt, Hall, and Jakus, 1943; Schmitt, 1944) figure micro¬ 
graphs of sperm tails showing, in frayed parts, 9-12 fibrils (Fig. 13). According to 



Fig. 12. Flagellum (tail) of Planorbis sperm, showing outer helix of gel fibers. (Redrawn 
from Koltzoff, 1909, Fig. 13.) 

Fig. 13. “Frayed tail of bull sperm showing subfibrils.” 

Fig. 14. “Portion of sheath from human sperm tail fragmented ultrasonically, showing 
helical structure.” (Redrawn from electron micrographs; Schmitt, 1944, Pigs. 1, 2.) 

Fig. 15. "Gonium pectorale. A portion of a momentarily resting flagellum, showing the 
structure of the flagellum. The helical lines proceed . . . unintemqitedly to the tip. (Sche¬ 
matic).” (Redrawn from Ulebla, 1911, Fig. 56.) 

Schmitt, these fibrils are smooth, parallel, 30(>-5(X) A wide, and run the full length 
of the tail. Occasionally even finer subfibrils are seen. “In mammalian sperm 
tails the bundle of fibrils is surrounded by a sheath, the major component of which 
is a closely wrapped helical fibril, having a thidmess also in the range of 30O-SOO A 
(Fig. 14). When the tails are fragmented by ultrasonic radiation, portions of this 
helix can be seen, appearing like miniature solenoids.” (Schmitt, 1944, p. 36.) 

UBCKANICS OF THE FLAGELLUM 

In the past, little actual correlation has been made between structure and 
function in fla^lla. Many authors have recorded t 3 rpe 8 of flagellar movement 
and general movement, but relatively few have attempted to analyze the forces 
or mechanisms involved. First, let us enumerate the types cn movements 
described. 'Clehla (1911, pp. 727-728) dasafies them as follows: 

(1) Monad tyiw. Flagellum long, cylindrical, flexible; beats forward in 
loops (spirals) gramng into flattened waves (i, e., undulations; a given point on the 
fla^llum follows an elliptical path). 

(2) Chrysomonad type. Similar to above, but with shorter and stifler flagellum. 
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(3) Euglena type. Long, twisted, ribbon-like flagellum; beats laterally in 
loop-shaped waves. 

(4) Bodo type. (Trailing) flagellum with long end-piece, rather stiff; beats in 
flattened waves. 

(5) Clostridium (a bacterium) type. Flagellum long, spiral, rather stiff; slow 
waves from base to tip. 

(6) Chlorophycean type. 

a. Swarmer type. Flagellum short, cylindrical, rather strong, with the 
basal part more flexible; functions as an oar (in sculling?), swinging around as 
if contracting as a unit. 

b. Pandorina type. Flagellum longer, more flexible, often somewhat 
flattened; beats with a spiral lateral stroke. 

{Jlehla hardly considered the paddle-stroke as such, though this type of move¬ 
ment is described by many, being reported in flagella by Plehn (1904^ Rosenbusch 
(1908), Doflein (1916), Kofoid and Swezy (1920, 1923), Krijgsman (1925), Nigrelli 
(1929), Kirby (1943); in cilia by Gray (1922) and Carter (1924), among others. 
Such a lash-movement is mentioned also by Pfltter (1903), Goldschmidt (1907X 
Schindera (1922), and Grass4 (1926). In some such cases, it evidently occurs in 
flagella which ordinarily undulate. In all of these cases, the flagella concerned 
were located anteriorly., 



Fig. 16. See text for explanation. 

The se(^d major type of movement executed consists of undulations, usually 
occurring in two planes (i. e., a spiral). Reports of this type may be found in 
Butschli (1887), Kunstler (1889), Goldschmidt (1907). Laveran and Mesnil (1907), 
Friedrich (1900), Reichert (1909), Bancroft (1913), Kofoid and Swezy (1919), 
Schindera (1922), Grass^ (1926), Entz (1928), Petersen (1929), Lowndes (1936, 
19^1, 1943, 1944, 1945). 

The third type, not listed above, is simple conical gyration, reported by 
Kej^litz (1906), Metzner (1920), and Entz (1928), and by McDonald (1922), 
in cilia. 

Primarily because of Krijgsman's detailed paper, which was based on studies 
of Moms sp. under <|arkfleld, most textbooks today emph^ize the paddle-stroke. 
It presents a clear-cut, diagrammatic, relatively simple-looking movement, familiar 
in our own swinimi^ stroke and similar to that commonly depicted for cilia. The 
filament is held rigid during the effective stroke, but is flexible during the recovery 
stroke^ 

The concept of progression by a spiral turning of the flagellum has led a painful 
existence because of Bfltsphli's a^^ysis of the situation as lie saw it (Biitschli, 1887, 

p. 857 et seq.). Delage and H^rouard (1896, pp. 306-307) treat his explanation thus 

1* 
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(translation): “Suppose that the flagellum assumes the form of an elongate helix 
(as indicated in Fig. 16), and that this helix begins to turn clockwise (as seen from 
the base). At any point such as o the pressure on the water would create a force 
oh perpendicular to the flagellum, which could be resolved into two others, the 
vertic^ one oa determining its rotation about its axis. It is to be noted that this 
rotation is in the opposite direction to that of the flagellum. If the helix turns in 
the reverse direction, the animal will go backwards. In the case of a helix wound 
to the left, there would be likewise progression forward for a certain direction of 
rotation and backward for the opposite direction. ... All that is very well, but 
Butschli does not note that the movement he describes supposes an agency met in 
our mechanical instruments, but never among living beings. In order that the 
body and the flagellum might turn indefinitely in opposite directions about the 
point p, it would be necessary that the mode of union between them be that of a 
pin stuck through a card, capable of turning freely in its hole, its union with the 
card assured by the head which could not go through the hole.'* But this leaves 
Delage and Hdrouard with the problem of explaining matters. They do so by 
going into great mathematical detail concerning the possibility of a forward com- 
|X)nent produced by conical gyration, concluding this to be impossible by direct 
action. -However, -by its indirect action, i. e., by the rotation produced in the 
body, they think to have found the answer; namely, that since the flagellum is 
firmly attached to the body it must rotate with the body, and being held in a 
corkscrew shape, will thus screw the body and flagellum through the water. 

Reichert (1909) noted the forced aspect of this scheme and pointed out that, 
in his experience, the facts argued against such a mechanism. Further, he states 
(translation): “The necessity for their relatively cumbersome explanation of 
flagellar movement appears to have been a result of a misconception of Butschli’s 
idea. For Butschli postulates that an opposing rotation of body and flagellum is 
not feasible in his view that the lines of contraction move about the flagellum. If 
the lines of contraction on the flagellar surface circle to the right, the body will turn 
to the left, and so will the flagellum, about its axis. ... It is only necessary that 
the lines of contraction move correspondingly faster about the flagellum, so that 
its turning with the body is equaliz^ or offset. Then the same effect would be 
achieved as if this turning of the flagellum did not occur at all." 

Delage and H^rouard are not the only ones to misinterpret Butschli's idea. 

Reichert explains it, and the physics involved, quite clearly. Then, in his 
summary he states: “Reversal of movement is accomplished quickly by polar- 
flagellated bacteria, for they simply reverse the flagellar rotation (as Reichert and 
Butschli postulate that they should), or by bipolar-flagellated bacteria, whose 
flagella take turns (those at the other end begin beating). In peritrichous bacteria, 
on the other hand, reversal occurs slowly. Movement must first cease for a 
moment, and the flagella assume an opposite orientation to the body," But he is 
inconsistent, for he also states: “a. The flagella (in bacteria) are olways wound in a 
right spiral (clockwise) and rotate always to the right (as seen from the rear), 
i. e., the screw-like lines of contraction wind around the flagella to the right, b. 
The body always rotates to the left, c. The flagella are usually directed backward 
during locomotion. In the spirilla this occurs too, whether the flagellum arises at 
the anterior or posterior pole." If they **always*' rotate-in one direction, how can 
they '^simply reverse*' this rotation? Further, if the flagellum is directed back- 
wani during locomotion, whether the flagellum be at either ^d of the body, does 
this not indicate that the flagellum is assuming a different orientation, rather than 
that it is merely rotating to the right or to the left? For, if it simply reversed its 
direction of rotation in order to back up, it would then pull the body instead of 
pushing it, and would not be directed backward. The error doubtless lies in the 
assumption that the organism moves backward by simply reversing the flagellar 
rotation. Indeed, the theory itself seems disputed by th^ facts. 
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Gray (1928, p. 35) gives a fine explanation of the mechanics involved in undu¬ 
lating flagella, the gist of it being that there is a series of waves passing along the 
flagellum in the same direction, requiring no recovery stroke. The propulsive 
power “ ... is equivalent to that which would be produced by projecting along the 
length of the flagellum a series of ‘humps* of the same form as the waves, the 
velocity of the humps being made equal to the velocity of movement of each wave. 
If the waves pass from the base of the flagellum to its tip, the organism is driven 
forward in front of the flagellum; if the waves pass from the tip to the base the 
organism is drawn forward with the flagellum in front. If the waves pass along 
the flagellum in one plane there will be no force tending to rotate the animal on its 
axis: if, however, the waves pass round the flagellum as well as along it the organ¬ 
ism will rotate.’' This is well and good, but it fails to fit a couple of facts; namely, 
that most flagellates move flagellum-foremost, and that the waves of transmission 
along the flagellum have only been demonstrated to progress from the base toward 
the tip (Lowndes, 1936, 1941 a and b, 1943, 1944 a and b, 1945 a and b). 

To date, Lowndes has made the most complete and accurate analysis of the 
situation in a number of flagellates. His conclusions are based upon obst^rved 
facts and specific data, backed up by high-speed cinema photomicrography (for 
techniques, see Lowndes, 1935, 1944 a). Too much of previous explanations was 
based upon pure speculation and rationalization. Lowndes (1941 b) has demon¬ 
strated that the flagellum ordinarily pushes the organism, even though situated at 
the anterior end, by being directed backward. In this connection it is interesting 
to consult Clehla’s figures, many of which indicate the same. This appears true 
even for Peranema, the organism classically cited as having a “tractellum,” or 
flagellum which pulls the organism forward, presumably by a wave starting at the 
tip. Lowndes shows that, in all cases studied, the wave invariably progresses from 
base to tip. This fact is an upsetting one to most of the previous theories. Among 
other workers reporting this type of action are Kunstler (1889), Friedrich (1909), 
tJlehla (1911), Bancroft (1913), and Schindera (1922). Of these, Clehla and 
Bancroft give accounts almost precisely like that! Df Lowndes concerning the 
locomotion of Euglena viridis. 

In his later papers, Lowndes elaborates a new concept, previously mentioned 
by him, but misunderstood by such workers as Barker (1943). In the summary 
of one of these papers (Lowndes, 1944 a), he states it as follows: 

“1. The primary funetbn of the flagellum in a monoflagellate organism is to 
produce both rotation and gyration of the organism about a certain axis which 
constitutes the main direction in which the organism is swimming. 

“2. The mechanical principle by which the organism is propelled is simply tliat 
of the inclined plane which is caused to rotate. In other words it is that of the 
screw or propeller. 

“3. Since the disturbances or waves pass down the flagellum in the form of a 
spiral they produce two distinct components. It is the resultant of these two 
components which causes the tip of the organism both to rotate and gyrate. 

‘M. So long as this rotation and g3n"ation is maintained it will supply the 
necessary force for the propulsion of the organism. 

“6. The flagellum itself may or may not produce a forward component. If it 
is more or less swung out at right angles, as in Menoidium, it will produce no for¬ 
ward component but if it is swung back, as in Euglena, it will do so.” 

Hence, it is the rotation and gyration of the body of the organism which is consid¬ 
ered to produce the major component of foro^. Others have observed, naturally, 
that in organisms bearing obvioxis helical external structures, rotation of the body 
would produce a component of force. For instance, Gunther (1928) correlated 
the s0^ erf several species of Euglena with^ spiral ridges on the periplast and 
flagellar length* Thus, of two species having"flagella of approximately the same 
length, one having strrog spiral ridges progresses at about three times the relative 
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speed of another having very insignificant ridges. But no one previous to 
I^wndes, so far as I know, had sug^sted the possibility that the gyration of ike 
body itself might produce locomotion. 

Propulsion by simple conical gyration is what Delage and H^fouard thought 
they h^ proved, by mathematics, to be impossible. Metzner (1920) showed this 
to be erroneous, both in theory and in practice. By means of experiments on 
wires rotating in water, he demonstrated that a simple conicad gyration produces 
a pulling force which reaches maximum at an angle of 20-23 degrees from the axis 
of rotation. He even went so far as to state (translation): “Among flagellates, the 
simple conical gyration predominates; the organism ‘sucks* itself along through 
the water by means of the flagellum,** It should be noted that he considered only 
gyration of the flagellum, not gyration of the body. Such conical gyration of the 
flagellum is reported by Keysselitz (1906) and Petersen (1929). It is also 
described by Lowndes (1944 b), who performed experiments similar to those of 
MetzUer. However, Lowndes contends that this mode of locomotion is incom¬ 
patible with high speed, as the flagellum could not be maintained in such a 
forwardly-directi^ position. In rapidly moving organisms, the flagella must beat 
laterally to the rear. 

In this same paper, and in his most recent one (1945 b), Lowndes renders 
untenable a number of misconceptions which arose long ago through misinterpre¬ 
tation of the original data, and have grown or continued from textbook to textbrok. 
One such item regards diagrams of Monas swimming, taken from Krijgsman 
(1925). I shall not discuss these errors here. As Lowndes points out, Krijgsman*s 
observations were excellent records of the situation he was studying, but that 
situation was not representative of the free swimming of the organism. When the 
animal is freely swimming, the mechanism is quite different from the paddle-stroke 
observed by Krijgsman, being similar to that described by Lowndes for Euglena, 
and the rate of progression is about ten times as rapid as that given by Krijgsman. 
Locomotion is primarily brought about by the rota|^ and gyration of the l^y of 
the organism, (See also Lowndes, 1945 a.) 

As for the question of the precise nature of what goes on within the flagellum— 
it remains a question. For years, writers were occupied with a controversy as to 
whether the flagellum was an active unit or simply an appendage like a whip, 
manipulated from the base or cell body. The latter concept was eventually dis¬ 
carded as such, but lingers in part in the question whether or not the flagellum can 
execute any movement after losing connection with the cell. Various workers 
(e. g. Klebs, 1892; Entz, 1926) have reported the phenomenon; others have flatly 
asserted such to be impossible (Verwom, 1890; KorschikoV, 1923). However, 
the work of many investigators has indicated that the flagellum is an active unit. 
Gray (1928) enumerates good reasons for assuming such, and Lowndes (1936, 
1941 b, 1945 b) proves it with photographic, quantitative evidence. Granting, 
then, that the flagellum does possess the ability to move, by what mechanism does 
it effect this motion ? 

Prom the versatility of movements and also “ . , . because its movements at 
times cannot be explained by simple mechanical laws,** Krijgsman (1925) con* 
eluded that the flagellum “ ... must be Of complicated construction,** Engelmann 
(1881) and Ballowitz (1890) assert that movement is associated with fibrillar 
structure, which, as we have seen, is evidently present. Erhard (1910) and 
Lowndes (1941 b) regard the transmistion of the stimulus os a surface phoiomenon, 
not connected with the axoneme. Such stat^ients are generalities, to be sure, but, 
if accepted, eliminate such theories as that of Gurwitsch (1904), which postulates 
a rapid streaming of protoplasm into and out of the flagellum, acting in antagmlism 
to the elasticity of the axoneme. Heidenhain (1911) proposed a “iheoty of 
smallest waves** to explain movements: these waves may travel along one side of 
the filament, they may vary in length and effect, they nuiy vary in extent, they 
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may vary in path, frequency, and rhythm. They are evidently quite versatile 
waves. So far as I know, they have been forgotten. Patter (1903) discussed 
Engelmann’s theory and decided that it required too many spiral fibrils of different 
pitch and direction. Verwom (1915) stat^ what he considered the basic principle 
involved (translation): "... a contractile side contracts from the cell body out¬ 
wards and thereby stretches the opposite side, which latter in the expansion phase, 
by its elasticity, returns the filament to its rest position. According to the oppos¬ 
ing relationship of the contractile to the passively stretched substance, there 
results a beat in one plane or in a complicated form.^' This does epitomize the 
principle employed by most of the theories. For a discussion of the theories, see 
Gray (1928). 

Viewing the matter from a more generalized standpoint, but with fundamentals 
in mind, Gray (1928) and Schmitt (1944) liken the process involved to that of 
muscle, and consider the basic phenomenon to result from a change of distribution 
of water molecules “between polar groups in fibrous proteins and ionogenic groups 
in the environment” (Schmitt). In other words, if the proteins in the fibers along 
one side of the flagellum suddenly take on great numbers of water molecules at the 
expense of the opposite side of the filament, the filament (flagellum) will tend to 
bend toward the side losing the water. This sudden afl^ity for water by the 
protein might be due to a change in the degree of ionization of the protein molecule, 
caused by a local production of acid. Should the acid then be neutralized, the 
water would again be liberated (Gray). Or it might be that the protein fiber 
consists of folded molecular chains which fold up further upon the addition of 
water, thus contracting the fiber. At any rate, we get glimpses of the possibilities. 

Original Investigations 

STRUCTURE OF THE FLAGELLUM 


Materials and Methods 

It was considered desirable to experiment briery with the more productive 
methods described by other workers in the study of flagellar structure. Such 
techniques as those of Gicklhom (1921), Kater (1929), Allen (1936), and Smyth 
(1944) are useful procedures for general study or mere observation of flagella, but 
contribute relatively little to a detailed investigation of the type here undert^en. 
On the other hand, the papers of Loeffler (1890), Fischer (1895), and Deflandre 
(1923) describe techniques of primary importance in the development of our 
knowledge of whip- and flimmer-flagelia. McClung (1937, pp. 141-145) presents 
Loeffler’s method and may be more readily available to persons attempting to 
duplicate some of the work done on flimmer- and whip-flagella. VTk (1938) 
describes his modifications of the Loeffler technique. Petersen (1929) points out 
the possibilities for failure and sources of error, emphasizing the extreme delicacy 
required in preparation. Several authors (e. g. Bfltschli, 1^; Korschikov, 1923) 
have failed to achieve success with the mordant technique. 

Such contributions as this paper may offer to the knowledge of flagellar structure 
are made possible through the use of the electron microscope. Fuither probings 
with light microscope promise but little, as the possibilities have been rather 
carefully covered. For j^reviously employed methods of preparation of specimens 
for electron microscope examination, see Marton (1941, 1W3), Morton and Ander¬ 
son (1942), Mudd and Anderson (1942), Richards and Anderson (1942), Prebus 
(1944), Williams and Wyckoff (1944, 1945 a, b), Claude and FuIImi (1945), and 
Porter, Claude, and Pull^ (1945). Some of the techniques described are adapted 
to q^ecfaUaed situations, but they bring out various points of importance in the 
preparation of biological material for electron microscope study. Among the 
most important of these, perhcq^s, are the removal of salts and other matter which 
might crystallize upon or otherwise obscure or mar the specimens, and the thinness 
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of film plus specimen, which should total less than 50 nifi in thickness. A good 
discussion of the limitations of the electron microscope for biological work in 
general is given by Richards and Anderson (1942). For basic principles and 
general limitations of the instrument, see Hillier and Vance (1941), or such pop¬ 
ularized books as Burton and Kohl (1942) or Hawley (1945). 

Dellinger (1909) and Porter, Claude, and Fullam (1945), among others, consider 
osmic acid the best killing and fixing reagent for retaining original appearances. I 
have foimd it extremely useful in this work. Over a dozen different procedures 
have been employed, the most successful of which have all involved the use of 
osmic acid. Formalin as a fixing reagent has apparently resulted in excessive 
clumping, but this has not been thoroughly investigated. Other major difficulties 
in the preparations were due to too many or too few organisms on the film, 
crystallization, loss of flagella in centrifuging, and, most of all, disruption of mem¬ 
branes or films imder electron bombardment. 

The principal organisms studied were Astasia klebsii Lemmermann, Euglena 
gracilis Klcbs, Ochromonas variabilis Meyer, and Chilomonas paramecium Ehren- 
berg which were obtained from pure cultures maintained in the Protozoology 
Laboratory at The Ohio State University. 

The film and screen upon which specimens were to be mounted was prepared as 
follows (slight modification of method employed by Prebus): 

(1) 300 mesh/inch bronze screen is cleaned by immersing in dilute HCl and 
washing a number of times in distilled water. 

(2) Rectangular pieces about 6 x 18 mm. are cut from the screen and kept 
dust-free (e. g., in a Petri dish), 

(3) A vessel (e, g,, a Pyrex pie plate) of about 10-inch diameter with a level 
rim is filled to the brim with distilled water. 

(4) The water is saturated with amyl acetate. 

(5) A drop or two of 2% collodion (cellulose nitrate) in amyl acetate is allowed 
to fall upon and spread over the surface of the water. 

(6) After a few seconds a film is left, subsequent to the evaporation of the 
solvent. This film is then swept off by means of a glass rod, in order to clean the 
surface of the water. This may be repeated if it seems advisable. 

(7) A drop of the collodion solution is allowed to fall an inch or less onto the 
surface of the water. 

(8) A rectan^lar piece of screen, held in an artery clamp, is immersed in the 
water near the rim of the vessel, moved over beneath the film, and raised directly 
up. If parts of the film do not tear neatly around the edge of the screen, they 
may be severed with a needle tip by running it along the edge of the screen. 

' (9) Excess water is removed from the screen and film by touching the droplets 
with a folded comer of filter paper. 

The film thus mounted on the rectangle of screen may be used immediately or 
allowed to dry before having specimens placed upon it. Immediate use seems 
preferable. 

Of the techniques employed in the preparation of specimens, the following 
were most successful: 

1. (a) Place 4.5 ml. of a pure culture of the desired organisms in a centrifuge 
tube. 

(b) Add and mix 0.5 ml. of 2% osmic acid or 2% osmic acid in 1% chromic 
acid. 

(c) Add 5 ml. of distilled water and centrifuge 30 seconds. 

(d) Decant, then refill to 10 ml. mark with distilled water. 

(e) Re-suspend organisms by rolling tube between palms of hands. 

(f) Centrifuge 30 seconds. 

Repeat (d) to (f) inclusive once more. 
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(g) Decant, then add distilled water to raise meniscus to the 0.5 or 1.0 ml. 
mark. Again suspend organisms by rolling the tube vigorously between the palms 

(h) Place a drop of the liquid containing the concentrated, washed organisms 
upon film-screen and allow the organisms to settle for 30-60 seconds. 

(i) Carefully remove some of the excess liquid from the top of the drop by 
touching to it the folded comer of a piece of filter paper. 

(j) Allow to dry, then examine under compound microscope for promising 
specimens. An average of about 1 organism per ‘‘pane" or mesh of the film is the 
optimum concentration of specimens. If much more numerous, the film does 
not support them when under electron bombardment. If much less numerous, 
the specimens are too difficult to find in the electron microscope. 

(k) Place screen, specimen side down, upon a rectangular piece of heavy 
onion-skin paper which is conveniently larger than the piece of screen. With a 
screen rectangle of 6x18 mm., a paper rectangle of about 12x30 mm, is of 
convenient dimensions. (See Fig. 17.) 

(l) Flatten the screen against the paper and secure it there by means of small 
pieces of Scotch tape (thin, transparent, cellulose adhesive tape). 



Pio. 17. See text for explanation. 


(m) Label one end of the paper for identification tad reference to procedure, as 
in Fig. 17: ^‘E- 6 , HB." 

(n) Place in a Petri dish or between concavity slides to keep perfectly clean, 
and remove to the electron microscope laboratory. 

(o) Using a die constructed for the purpose, punch out circular disks of screen 
about 2 mm. in diameter. 

(p) Separate disks of screen from those of paper and examine under compound 
microscope (on a clean slide). 

(q) Select promising dislre for electron microscope examination. 

2 . The following method, since it does not involve centrifi^ation, subjects the 
flagella to less drastic treatment, but requires a greater initial concentration of 
organisms in the culture. Various modifications of this method were employed, 
some eliminating step (b). 

(t) Fill depression of a concavity slide with an especially rich pure culture. 

(b) Add several drops of Gicklhom's stain (made by adding about 5 drops of 
concentrated NH 4 OH to §0 ml. of 0.05% methylene blue solution). 

(c) Let stand about 1 minute and add 1 drop of 2 % osmic acid in 1 % chromic 
acid solution. 

(d) Allow organisms to settle for 30-60 seconds, then touch the surface of the 
liquid with a folded comer of filter paper to remove excess liquid. 

(e) After removing a large part of the liqilid as above, carefully replace this 
liquid with distilled water, by means of a pipette. 

Repeat (d) and (e) at least 5 times, to wash the specimens of acid and of salts^ 
extraneous material, etc. 
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(f) Observe under a compound microscope (16 mm. objective) while drawing 
organisms into a micro-pipette. They will be concentrated in certain areas at the 
bottom of the drop. 

(g) Deposit by means of this pipette as many of the oiganisms as possible in 
a m^ium-sized drop upon a film-screen mount. 

(h) Allow organisms to settle, then remove excess liquid as in (d). 

Continue as in (j) to (q) inclusive, technique No. 1. 

Both of the above techniques were essentially developed by the author in the 
course of this work, as were various other less successful ones. 

Results 

Upon the development of satisfactory techniques, it was possible to demon¬ 
strate a number of details relative to the structure of the flagellum. Some of the 
more satisfactory and instructive of the electron micrographs obtained are shown 
in the appended plates. In viewing these photomicrographs, the reader should 
bear in mind that the objects and details perceptible are not rendered so by stain¬ 
ing^, as in preparations for the light microscqpe, but are visible because they have 
diffracted or absorbed varying proportions of the electrons passing through them. 
Thus a body appears dark b^use it is denser or thicker, or both, than the sur¬ 
rounding substance, and not because it has been differentially stained. Prom a 
careful examination of these plates, the following points may observed: 

(1) Each flagellum is of approximately uniform diameter throughout its entire 
length (Plates 4; 6; 9; 10; 11; 12). 

(2) Each flagellum consists of a denser axial core (axoneme) and a less dense 
sheath surro\mding the core (Plates 2 to 8 inclusive). 

(3) In the flagella of Euglena and Astasia, the axial core appears to consist of 
two closely approximated fibers of eqruil size (Plates 1J5;2 j4;4;5;6;9). 

(4) The ^ath appears to contain or to consist of a coiled fiber which encircles 
the axial core in the form of a helix (Plates 1 B; 3 A; 12). 

(5) The flagella of Euglena and bear, along one side, what appears to 

be a single row of delicate filaments extending from the ^eath. The len^h of the 
filaments is about 5 or 6 times the diamater of the flagellum, or 1.5 to 2.0 u. (Plates 
1 B\ 4; 9). 

(6) The long flagellum of Ochromonas bears similar filaments along both 
(all ?) sides (Plates 11; 12). 

(7) The flagella of Chilomonas bear no such lateral filaments (Plate 10). 

It is possible that the ground substance or intermediate substance which might 
be expected to occur between axial fiber and sheath, p^haps comprising a large 
part of the bulk of the living flagellum, has escap^ in most of the q)ecimens 
shown. Consideration of Plate 7 might lead us to this conclusion, assuming the 
darker upper portion of the flagellum to represent a region which, somehow, had 
not yet lost the inner plasm. Perhaps the swollen appearance in I%te 8 is due to 
an accumulation or exudation of such matter during the drying of the mcimen. 
From Plate 7 we also get an indication that the lateral filaments might possibly be 
due to the escape (and subsequent cowuUrion) of plasm from a latend series oi 
minute pores. In view of riie work of Vlk, who demonstrated flimmer upon a 
living fi^ellum, this explanation might be held to iq>ply to the possible origin of 
flimmer in the living oiganism. In such a case, complete coagulation might not 
occur until death. 

A second posable explanation for the appearance ^lown in Plate 7 is that a 
portion of the flaj^llum might have contracted, bringing the coils of the helix into 
closer approximation and p^ucing the denser and widker appearanoe seen in the 
upper portion of the flagmlum shown. It is difficult to determine precisely what 
actually happened to produce Ibis efltect,.and the interpretation of si^ an 
appearance most remain uncertain for the present. 
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Upon inspection of the plates, it will be noted that, as stated in (1) above, the 
flagella depicted are of approximately imiform diameter throughout their entire 
length. Little, if any, tapering occura at either extremity. Emmel, Jakob, and 
Gdlz (1942) report the same condition in electron micrographs of Leishmania 
donovanL 

Of the other points listed above, (2) simply substantiates the generally-accepted 
notion of flagell^ structure. (4) serves to emphasize the similarity between the 
protozoan fl^ellum and the mammalian sperm tail, as described by Schmitt and 
others. (5), (6), and (7) corroborate, by an entirely new technique, the findings 
of a number of workers, extending somewhat the knowledge of the details. 

Unfortunately, many of the best ‘^shots'* were lost, due to the rupture or the 
supporting film or the sudden curling up of flagella under the impact of the electron 
bombardment, before photographs could be taken. However, the fact that a 
flagellum, even though flattened out against the film, in a high vacuum (0.00001 
to 0.0001 mm. Hg.), and dead for many hours, can retain within itself the potential 
ability to tear itself loose and curl up like a watchspring, may be significant. Sim¬ 
ilar coiling during the disintegration of flagella has been described by several 
investigators (e. g., Fischer, 1894), but never with violence like this. 

The photographs included in this paper were, of course, selected to bring out 
various points. Plate 6 shows an entire flagellum, about 13 m in length, extending 
from the body of the euglena. The flagellum is seen to extend, not from the 
anterior tip of the organism, but from a point slightly lateral and posterior to the 
tip, where it emerges from the mouth of the gullet. Plate 6 also shows the naked 
axoneme, where the supporting film has tom, snapping the flagellum off near its 
base. Plate 2 A probably represents a flagellum lying adjacent to the body, and 
extending away from it near the posterior tip of the body. Plate 2 B gives an 
indication of the relative strength or durability of the axoneme and the sheath, 
the axoneme being apparently stronger and more elastic. 

Plates 4 and 9 display especially well the single flimmer-row on the flagellum 
of Euglena, and represent flagella prepared by different techniques. Plates 11 
and 12 show flimmer along both sides of the long flagellum of Ochromonas, which 
might, in life, occur either in two opposite rows or all over the surface of the 
flagellum like the hairs on a dog’s tail. It will be noted that the flimmer do not 
occur in the neatly regular rows depicted by previous workers. This may be 
accounted for by the fact that these specimens have been centrifuged several 
times in preparation, a drastic measure not employed by previous workers. Such 
a disarrangement should be expected. 

Plate 9, in portions depicting twisting, shows clearly the two major fibers of the 
axoneme in the flagellum of Euglena. 

Plate 3 A indicates the helical structure in the sheath rather well. Such plates 
as 2, 5 and 7 also suggest this helical structure. Other plates, in which the sheath 
does not stand out perceptibly from the axoneme, may be of interest in that there 
oopur at more or less regular intervals along the sides of the flagellum dark spot.s 
which may represent the helix closely appressed to the axial core. Plates 1 B, 9, 
11, and 12 ^ow such indications. If tlxis is the correct interpretation of such 
appearances, the pitch pf the helix on the flagellum of Ochromonas is considerably 
greater than that of fiufiUna (i. e., the coil is less tightly wrapped, forming longer 
spkais). Further, if, this be the correct interpretation, the spots shown in Plate 9 
will be of especial interest. Many of them are lighter in the center, indicating that 
the coiled fibril may be hollow or tubular. 

- Plate 1 A, which is an electron micrograpli of a diatom, is included to show our 
method of computing sizes. Large numbers of tbis type of diatom, a species of 
were collected sev^^ years cleaned, and calibrated. Lateral 
transverse tows of pores may be seen extending from a median longitudinal solid 
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area like the barbs in the vane of a feather. The pinnate rows along one side of 
the median line are usually more nearly perpendicular to the axis of the median 
line than are the rows along the other side of the line. The average distance 
between consecutive rows is about one-third of a micron. We obtain measure¬ 
ments by averaging the distances between every fourth row. This average is 
about 1 M- After taking a series of micrographs at a given magnification, a diatom 
is photographed at the same magnification, in order to provide a scale for measure¬ 
ment. This method and the initial calibration of the diatoms were worked out by 
Dr. Prebus. 


MECHANICS OF THE FLAGELLUM 
Observations on Living Organisms 

Flagellar action is, in most cases, very difficult to observe in normally-moving 
or freely-swimming creatures. The flagellum is hard enough to see when still, and 
when in active motion is beyond the capabilities of the human eye. For this 
reason, most studies on living flagella have been made on organisms under abnormal 
conditions^ They have been chilled, anesthetized, compressed, placed in viscous 
media, or simply observed in the latter stages of approaching death, when the 
water beneath the cover glass was drying up. Realizing that normal activity is 
hardly to be expected under such circumstances, yet assuming that certain basic 
phenomena should remain constant, I have made a few observations under some 
of the above-mentioned conditions. 

The most convenient method I have found for rendering flagellar motion visible 
involves the use of methyl cellulose (Methocel, Dow Chemical Co.). A drop of 
10% solution of this substance is mixed on a slide with a drop of culture, then a 
cover glass added (Marsland, 1943). The resulting mixture, of rather high vis¬ 
cosity, slows down the strokes of flagella or cilia, and also is of a very dSlerent 
refractive index from water, such organelles becoming much more easily visible 
than in water. 

Among the structures observed by this method were the flagella of Peranema 
trichophorum, Eudena gracilisy and Trichonympha sp., the undulating membrane 
of a trichomonad from the gut of Reticuiiiermes jiavipeSy and the cilia of Paramecium 
sp. The optical system employed included a Spencer 4 mm. objective (N.A.— 
0.85) and a 20 X Planoscopic ocular, with a resulting magnification of about 
880 X. In every case, the wave impulse traveled from the base toward the tip, 
in a spiral course, producing rotation of the tip. All of these observations directly 
confiimed certain conclusions of Lowndes (see hktorical review). In Euglena the 
flagellum was usually directed back more or less ^ong the body. I was somewhat 
surprised to find this sort of movement in cilia, as I expected to see the paddle- 
stroke described by Gray and others. However, the cilia were observed to alter 
the direction of their strokes quite readily, beating forward, directly outward, or 
backward (and toward or away from the observer). The spiral, flagellum-like 
stroke or tmdulation was most conveniently observed when the cilia were beating 
directly outward, or away from the body surface. The cilia beating thus created 
a current away from the body. I have wondered whether this spi^ undulatory 
stroke in cilia might be due to the greater density or viscosity of the medium 
employed in these experiments, Cinematic photography of such cilia under more 
nearly normal conditions should aid in Clearing up the matter. Alverdes (1922) 
made an extensive study of ciliary movement in several species of Parameciumy 
Sientofy etc. He ascrib^ to the cilia considerable versatility of movement. He 
also described interesting experiments on the sheddmg and regeneration of cilia 
by Paramedmm. He kept the organisms In a 0.1% solution of chloral hydrate for 
about 48 hote, then transferred them to fredi water, and. after 3 to 9 hours, 
observed the regeneration of the cilia. The cilia began beating when only stubs. 
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This technique, combined with good cinematic photomicrography, might produce 
very interesting results. 

I have observed, without altering the medium in any way, flagella in colonies 
of Volvox which seemed capable of performing almost any movement possible for 
a filament attached at one end. Since the colony was probably suffering under 
adverse conditions, the movements probably 


were not normal, but they certainly served 
to emphasize the versatility of movement 
possessed by the flagellum. To quote again 
from Krijgsman’s summary (translation): 

. . .its movements at times can not 
be explained according to simple mechanical 
principles.” It is too easy to agree with 
him. 

Experiments on Locomotor Mechanisms. 

‘'Artificial flagellates.” In order 
to test the forces produced by rotating 
and gyrating objects, a device was worked 
out as shown in Fig. 18, whereby structures 
comparable both to bodies and to flagella of 
flagellate organisms could be studied in this 
connection. Originally it was devised for 
comparison with a flagellum, but when the 
significance of Lowndes*s hypothesis became 
apparent to me (upon the receipt of his 
later papers), it was extended to a study of 
body gyration. 

This hypothesis, it will be recalled (see 
historical review), suggests that the major 
component of force producing the forward 
locomotion of a monoflagellate results from the 
rotation and gyration of the body of the 
organism, and not directly from the action 
of the flagellum. Consequently, a model 
was constructed in the shaf^ of a sample 
protozoan (e. g., see Fig. 22) in order to test 
the locomotor effect produced by the rota¬ 
tion and gyration of such a body. As 
figured- in the accompanying diagram, B 
represents this body, with a representing its 
axis. The arrows encircling the axis of 
forward progression A serve to indicate the 
path of gyration of the body axis a. All of 
the rest of the diagram below the body S is 
simply included to show how the rotational 



and gyrational force is applied to B. 

Thus in Pig. 18, A represents the axis 
of gyration and progression about which 
the cork body B, with axis a, is caused 
to rotate and gyrate. In the diagram, 
the body is gyrating clockwise as seen 
from the base or rear. (Throughout 


Pig. 18. Diagram of the “artificial 
flagellate/’ B represents a model of a 
monad body, which rotates and gyrates 
about its axis of progression, A. a rep¬ 
resents the body axis. The lower part 
of the diagram merely.indicates the ap¬ 
paratus employed to impart to the body 
B its rotational and gyrational force. 
See text for explanation and discussion. 
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this paper, when the tenns clockwise or counter-clockwise ue employed, reference 
is m^e to the rotational path of the distal g 3 rrating extremity as ^wed from the 
apex of the gyrational cone.) A heavy rubber band, F, twisted in the desired 
direction, prepuces the rotation which, in tom, causes'^ part of the wire bent out 
gI line to g 3 rrate. It was often found deniable to use two rubber bands, in order 
' to obtain greater speed and force. Beads bdow tlw bend in the wire served as 
bearings, and turned in the funnel-like flared end of a metal tube which was inserted 
in the cork stopper C. Since the rotation and gyration of B caused the base (C, 
D, E, etc.) to rotate and gyrate in the opposite direction, it was found necessary to 
reduce such rotation considerably; otherwise, the rubber band rapidly became 
untwisted. Two razor blades, D, inserted in the cork parallel to axis A, served as 
fins or keels in reducing rotation of this portion of the system. In order to balance 
the system to a specific gravity slightly above 1.0, water was added to test tube E 
in the necessary amounts. Paraf&i was found to be less satisfactory in achieving 
this balance. The angle (^) between A and a was altered simply by bending the 
wire. The body, B, may be rralaced by other objects of diverse shapes and sizes. 

1. Currents produced in fluids by gyrating structures. Experiments were 
performed with the “artificial flagellate” using smoke, in air, and minute sus¬ 
pended particles, in water, to observe the currents produced by the g 5 rration of B. 



Pig. 19. Currents produced by gyrating wires in water. 
(Redrawn from Metsner, 1990, Pigs. 3, 4.) 


The results of these experiments, which were not extensive, were in accord 
with those of Metzner (19^). In bri^, if the path of g^tion forms a simple 
cone, fluid is drawn into the cone primarily from its base, oqMrting near the apex 
(Pig. 19). Thus a major current is produced toward the base of the cone in the 
surrounding medium. If the body were free to move, it would pregress toward 
the base of the cone. Lowndes (1944 b) has also demonstrated rather fully the 
action of similar objects. For theoretical considerations as to the mode ci function, 
see Metzner, (1920, pp. 53-58). 

2. Locomotion cd gyrating syst^s in water. A number of experiments were 
performed to determine the velocity achieved by the “artificial flagellate” in 
water, relative to the shape and portion of the txxfy B. In each case, both clock¬ 
wise and counter-clockwise gyrations were tested, in order to diminate such 
factors as the possibility that the razor blades (P) might be acting as screws or 
propellers. Tl^ experiments were carried out in a greenhouse tank (200 x 80 x 
60 cm.). 

' It was found that when structures much larger than, F were placed on axis a to 
gyrate, the riser end of the test tube E was.cau^ to.g|ifate oonsidersJjiy. Since 
this would exari; a force in the opposite direction, it wasobjectionable. By placing 
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around the test tube a fairly close-fitting, ri^d jacket, this gyration may be min¬ 
imized. A coarse screen or hardware cloth is perhaps best, although a test tube 
slightly lar^r than E was first used for the purpose. In the latter case, there is 
too much difficulty involved in the movement of water to fill the space vacated by. 
the progressing system. In the set-up as shown in the diagram, the gyration of 
the test tube was sufficiently unimportant to be neglected in the gross obrervations 
being made. 

Velocity was measured horizontally and vertically. The latter measurements 
represent much freer motion on the part of the “flagellate,” but are more difficult 
to obtain under the conditions encountered. The “organism” is balanced so that 
it sinks rather slowly. Then, wound up, it is held down, allowed to gyrate a few 
times, and timed on its way up (its stable position is in the vertical axis). For 
the most part, it was timed through a distance of 20 cm. A stop watch was used 
in all cases. Horizontal runs were made by placing the test tube in some such 
jacket as mentioned in the preceding para^ph and holding the jacket steady in 
the horizontal plane. By the nature of this set-up, such runs were confined to a 
distance of 5 or 6 cm. Since, in every case, B was buoyant, the g)nation was 
uneven in this plane. Another factor necessitating brief runs, both horizontally 
and vertically, is that the force producing the g 3 rration diminishes rapidly as the 
rubber bands untwist. In consideration of these, and perhaps other conditions, 
it is obvious that the measurements are necessarily inaccurate. To assume an 
error of * 10% would be optimistic. However, the figures are at least indicative, 
and have some value thus. 

Relative speed, as here employed, equals distance traversed by the organism in 
one second divided by the len^h of the gyrating body. Thus, if the body B were 
5 cm. long and the system moved at 10 cm./sec., the relative speed would be 
10 -r 5, or 2. Among Protozoa which have been actually timed for rate of swimming, 
the relative sp^s vary from 0,25 {.EugUna terricola, Gunther, 1928) or less, to 
40.0 {Monat sHgmatica, Lowndes, 1944 b, 1945 a) or more. 

With a long body (B), 14x 1 x 1 cm., at 1 to l|.l gyrations/second, traveling 
horizontally out of a vial, with angle d at 23*, the maximum constant velocity 
observed was 1 to 1.2 cm./sec., representing a relative speed of about 0.08. Using 
the same set-up, but with angle p greater than 90* (see Fig. 19 6), the maximum 
velocity was 0.33 cm./sec. This condition hardly corresponds to any natural one. 

With a short body (B) as shown in the diagram, 4.7 x 3.7 x 2.4 cm., at an 
estimated 6 gyrations/second, traveling vertically, with angle fi at 23°, the max¬ 
imum constant velocity was 25 cm./sec., representing a relative speed of about 5. 
With angle d at 15.2°, a maximum velocity of 33 cm./sec. was observed. This 
was under ideal conditions and was never quite duplicated. It represents a 
relative speed of 7, the highest obtained in these experiments. 

To test the forces produced by a flagellum undulating in a helix or spiral, the 
body, B, was made in such a shape by bending a wire and coating it with 1.5 to 2.0 
mm. of paraffin. The form was approximately that Shown in Pig. 16, but with a 
lesi complete pitch. The complete pitch would be about 20 cm. The fl^ellum 
rotated at about 18 tutns/sec. With the flag^um rotating counter-clockwise, the 
s^tem moved forward at 34 to 38 cm./sec. With the flagellxun rotating clockwise, 
the system moved backward at 20 to 22 cm./sec. If a living flagellum beats from 
the base outward, thelatter is the only type of motion compatible with the system. 
In order for ah actual' fla^lum to execute a movement similar to the former, the 
wave of contraction woiud have to begin at the tip of the flagellum. If this 
Qcctured, it would constitute a “tractellum.” 'It probably does not occur in nature. 

Prom our expe^ent^ with the “artiflciai flagellate,” we learn that the mere 
rotation and gyration of a body in water erm provide sufficient force to produce 
ri^d forward locotootion of the body. This greatly strengthens the hypothesis 
aovinc^ by Lowndes (1944 a). 
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Underwater swimming* These experiments test, in a fashion, the strength of 
the '*puir* exerted by gyrating structures. In contrast with flagellate bodies, but 
like the flagella themselves, the g 3 rrating objects do not necessarily rotate. The 
arms of the swimmer serve as the gyrating structures. The rate of gyration is 
approximately 1/sec. The gyrating portion is 60 cm. in length. Figures on 
velocity are computed from the distance traversed in about one-half minute. The 
body weight of the swimmer is about 130 lbs. or 59 kg. In each case, enough air 
has been expelled from the lungs to allow the body to sink to the bottom of the 
pool. All experiments were performed by the author. Timing was done by an 
observer with a stop watcht 

(1) The body is horizontal, with one arm extended horizontally forward and 
gyrating, e.g. clockwise, in a relatively narrow cone. (Fig. 20 a) Result; the body 
moves horizontally forward, rotating counter-clockwise, in this case. Velocity, 
10+ cm./sec. Relative speed, 0.16+. Total distance progressed, 10 ft. 



Fig. 20. Underwater swimming experiments. See text for explanation. 

(2) The body is vertical, with both arms extended horizontally forward, the 
right gyrating clockwise, the left coimter-clockwise or vice versa. (Fig. 20 b) Result: 
the b^y moves horizontally forward, not rotating. Velocity, 10+ cm./sec. Rel¬ 
ative speed, 0.16+, Total distance progressed, 10 ft. 

(3) The body is horizontal, with both arms extended horizontally forward, the 
right gyrating clockwise, the left coimter-clockwise. (Fig. 20 c) Result: the body 
moves horizontally forward, not rotating. Velocity, 33 cm./sec.. Relative speed, 
0.55. Total distance progressed, 32 ft. Reversing the gyrations, the velocity is 
considerably less, being at most about 23 cm./sec., with a relative speed of about 
0.39. Total distance progressed, 22 ft. This may well be due to an unintentionally 
weaker stroke, as it is more difficult and tiring to the experimenter. 

(4) The body is in the same position as (3), but hath arms are gyrated in the 
same direction. Result: the body rotates in the opposite direction at approx¬ 
imately the same rate, little forward movement being accomplished. 

(5) The body is in position (3), but the arms are pendulated or swung back and 
forth in one plane, instead of being gyrated. Result: no detectable forward 
component. 

Minor components are omitted in this consideration, for the sake of simplicity. 
In many cases they are results of the musculature of the arm. 

Other experimental positions were tried, but contribute no additional significant 
data and are hence omitted. 

The results of these experiments provide additional evidence in support of 
Lowndes's hypothesis. They serve further, however, to show that rotation of the 
gyrating object is not necessary to the production of a forward component,, 
gyration of an object (an arm or a flagellum) can produce an eJecUve locomotor force. 
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Discussion 

From the historical review given in this paper, it is apparent that a consid¬ 
erable mass of knowledge has been accumulated on the subject of flagellar 
structure, but that, in large part, the data have not previously been assembled and 
organized. Certain phases of the subject, to be sure, have been well summarized. 
For instance, Vlk (1938) treats whip- and flimmer-flagella as such rather thor¬ 
oughly, but neglects the internal structure. However, he is not to be criticized 
for this, as little new knowledge has appeared relative to the matter within several 
decades. The subject has awaited a new technique which could permit of more 
minute investigation. The electron microscope provides this new angle of attack 
through its much greater resolution and magnification. This paper presents the 
results of the first intensive study of the protozoan flagellum employing the 
electron microscope. 

By means of this instrument, we find that the flagellum, at least in the forms 
studied, consists of a dense fibrillar axial region and a surrounding sheath of much 
less density. This much has been previously accepted, though never before so 
clearly demonstrated. Just how many fibrils there are comprising the axoneme, I 
cannot tell. The number probably varies to some extent. The sheath seems to 
contain a fiber which encircles the axoneme in the form of a helix. This sort of 
composition of axoneme and sheath appears to be in close agrjeement with the 
structure of mammalian sperm tails as described by Schmitt and others, but has 
never before been described in the protozoan flagellum, unless the brief remarks of 
Olehla (1911) be considered such. Unlike the sperm tails, certain flagella possess 
lateral or terminal external extensions of the sheath. These structures have been 
recorded since 1889, but are not yet universally accepted by protozoologists. 
Several electron micrographs of the lateral structures in question (the flimmer) 
are included in this paper (e. g., Plates 4, 9, 11, 12). Of course, such pictures 
constitute no conclusive proof of the nature, or even natural occurrence, of the 
flimmer. But they certainly contribute to the evidence in favor of their accept¬ 
ance as normal structures, rather than as artifacts. ^ ff Vlk had had at his disposal 
the equipment of Lowndes (1935), Harvey and Loomis (1931), or Pijper (1940), 
perhaps the question might have b^n settled for the most skeptical by the actual 
photographing of flimmer on living flagella. However, the facts that they have 
been demonstrated by a number of basically different techniques, on dried or 
moist flagella, following various fixatives or none at all, and that they are amazingly 
constant in appearance, position, etc., place the overwhelming weight of evidence 
in favor of the view that they represent normally-occurring structures in many 
types of organisms. The presence and type of flimmer or whip comprise valuable 
taxonomic characters, and will doubtless be so considered when they are more 
readily demonstrable. 

There are a number of devices as yet untried in the study of these structures, 
some of which should certainly contribute to our knowledge of their nature. I 
mention them in the hope that someone, to whom they may be available, may be 
interested in furthering this study. By means of the shadow technique of 
Williams and Wyckoff (1944, 1945 a, b), the flimmer should be made obvious. A 
study of living fl^lla might be made with the ultra-violet microscope (Lucas, 
1930, 1934; Schmitt, 1939; Lavin and Hoagland, 1943), whereby twice the resolu¬ 
tion of the ordinary microscope might be obtained. Phase difference microscopy 
(Richards, 1944) offers interesting possibilities in the study of living flagella, 
3 rielding the benefits of stains and fixing reagents, as does the ultraviolet micro- 
shbpe, without requiring the use of such deleterious agents. (That is, it serves to 
differentiate structures and substances which we commonly bring out only by 
stftinii^.) Fluorescence microscopy (Ellinger, 1940; Metcalf and Patton. 1944) 
also gives ptwnise. especially, perhaps, in the study of flagellar motion. If nat- 
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urally fluorescing flagella occur, these would be ideal for such a study, but a 
fluorescent vital stain such as Fluorescein might serve well. 

It is interesting to view the results of Kunstler and Fischer in Hie light of 
details brought out in electron micrographs. If the reader will again refer to 
Fig. 1, he may notice certain similarities to some of the plates. The interpretation 
of the appearances, however, is rather different. The axial canal of Kunstler is 
probably the axoneme. Plate 7 shows, in places, an apparent breaking up or 
segmentation of the axoneme into pieces resemblii^ the “vacuoles” of Kunstler, 
as seen in Fig. 1 a. Figs. 1 b and c are reminiscent of the helix of the sheath as 
seen in the electron micro^phs, the corrugations depicted by Kunstler probably 
representing the surface appearance of the structures. It must be borne in mind 
that Kunstler had at his disposal nothing like the resolution and magnification of 
the electron microscope; his observations were remarkably good, in consideration 
of this fact. Segmentation of the flagellum may somehow be produced by the 
action of osmic acid, in combination with other factors. Kunstler had used this 
reagent in his preparations, as have I. Gelei (1926) showed that such appearances 
resulted from certain reagents, among them osmic acid in combination with other 
chemicals. 

Fischer apparently found a continuous axoneme in many flagella, but took 
great pains to demonstrate or argue that it was but an artifact. He, too, did a 
good job with what he had, and presented a rather convincing argument. How¬ 
ever, in the light of evidence since brought forth, including much in this paper, it 
is highly probable that he was mistaken in his interpretation of at least the nature 
of the axial fiber. 

Regarding the structure of the flagellar filament, Plate 7 presents an interesting 
picture, which, as Dr. Prebus points out, may well represent at the denser end 
the natural appearance of the flagellum. Here the helical structure in the sheath 
is evident, but the inner axial fibers are obscured by the density of the surrounding 
matter within the sheath. In the less dense portions of this filament we see what 
is perhaps the result of r loss of material from the sheath or intermediate substance. 
This lighter portion corresponds to the appearance of most of the flagella Hiown, 
and brings out the internal structure, but may thus represent a state of disinte¬ 
gration of the flagellum.' The ground substance which may have escaped is 
precisely that which is considered to be Hie contractile portion of the flagellum by 
many workers. For my part, I find it easier to attribute the major contractility 
to the fibrillar structures remaining. 

In this connection, I might mention a possible mechanism for the progress of 
the contractive wave which has not heretmOre been suggested, so far as I know. 
It has no basis in experimental evidence, and is simply pn^iosed for consideration. 
Since the flagelliun appears to have a fibrous core wnira is encircled by a helical 
fiber, as represented diaCTammatically in Fig. 21. it is possible that the spiral fiber 
transmits the impulse. If along this fiber pMsed a wave of chemical change, com¬ 
parable to that in a firecracker fuse or a nerve fiber, perhaps releasing H ions 
wherever it passed over the axial fibers, it could stimulate local contraction in 
such parts of the axial fibers as might be contiguous with it. In coojimction with 
twist^ axial fibers (Dellinger, 1909), this might account for undulatory movements 
of a spiral nature. In such, organisms as Feramma, the axial fibrils might be 
stiffened or less sensitive in the basal portion, thw accounting for the fact that 
normally only the distal part shows obvious activity, whereas, if stimulated to a 


*A second possible explanation for the appeanmce shown in Plate VI( is that a portion of 
the flagellum might have contracted, bringing the coils of the helix Into ckwor approximation 
and producing the denser and thicker ap^raace seen in the tqpper portion of the flagellum 
shown. It is difBcttlt to detennliw precisely what actually hsppwwa to pradnce Hiis sAsct, 
and the interpretation of such an appearance must remain uncertain for the pietcnt. 
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greater extent, the entire flagellum is thrown into undulations. Also, if the axial 
fibrils along one side should be less reactive, the resultant stroke might be paddle¬ 
like. With a bit of imagination, this hypothetical mode of functioning can be fitted 
to most observed facts. At least, it fits the facts better than any other system, 
proposed, so far as I have been able to discover. However, it remains purely 
speculative. 



Pig. 21. Dia^am illustrating hypothetical path of impulse in 
flagellum. See text for explanation. 


Likewise in the realm of speculation to an extent, but also of interest, in a 
different way, is the appearance of the axial core of the flagellum of Euglena (Plates 
2 A \ 6; 9). There seem to be two equal fibers running side by side, which are 
displayed especially well where the flagellum (or merely the fibers) is twisted. 
These fibers are probably composed of yet finer fibrils (see Dellinger, 1909), though 
such are not evident in the plates. Now it happens that Euglena has a bifurcate 
flagellar root. Two distinct branches, arising from two separate basal granules, 
unite in the gullet at about the level of the stigma (eyespot) to form the single 
flagellum (Wager, 1899, et al). Hartmann and Chagas (1910), in consideration of 
the bipartite root, considered Eugkna as derived from a biflagellate. It seems 
probable to me that the two fibers within the flag^lum definitely strengthen such 
a view, and might be regarded as the two ancestnd axial fibers or axonemes in close 
association. 


Another interesting source of speculation is the relationship between the 
bacterial flagellum and that of the protozoon. Electron studies have been made 
on many b^teria. Among authors reproducing numerous electron micrographs 
of bactoial flagella are Pifikarski and Ruska (1939) and Mudd and Anderson 
(1944). According to these and other authors, the flagella average from 14 to 50 m/u 
in diameter, and often occur in clumps or tufts, as they do in the spirochete Tre¬ 
ponema (Mudd, Polevit^, and Anderson, 1943). Their precise nattire still appears 
doubtful. The suggestion has been made (e. g., Polevitsky, 1941) that they may 
be hollow tubes, but Mudd and Anderson (1^, p. 106) find no support for this 
idea in cases which superficially present such an appearance. Mudd, Polevitsl^, 
Anderson, and Chambm (1941) figure an electron micrograph of Bacillus subtilis 
with the protoplasm shrunken away from the cell wall. On the other hand, Mudd 
and Anmrson (1944) figure Vibrio cholerae, lowing a “single polar flagellum, 
which Mems to traverse the cell wall to jcun the bacterial protoplasm.” At any 
rate, bacterial flagella, whatever may be their exact nature, and even though they 
suy not arise in a titft, often entwine to function as a unit and may even remain 
adherent, forming a fihunent composed of many fibrils and perhaps encased in a 
Mlatinous (?) sneath. (See historical review for references.) Now recall the 
flagellar or sperm tail structure with its 9 to 12 fibrils, each 25 to 50 m^ in diameter, 
oimnarily encased in a dieadi. The possibility certainly is suggested that the 
ancestral protosoan flagellum may have been derived fium such a permanently 
united clump of fibrils as occurs in some of the bacterial forms. Should thie prove 
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to be the actual phylogenetic origin of the protozoan flagellum, the concept of the 
fibrils as contractile units, rather than as mere elastic rods, would be definitely 
strengthened. However, the fibrils might well serve both as contractile and as 
supportive structures. 

With regard to the mode of functioning of the locomotor flagellum, my observa¬ 
tions and experiments confirm the conclusions reached by Lowndes. The living 
flagella observed beat in spiral undulations, the waves of contraction always pro¬ 
gressing from base to tip. My experiments with an ‘‘artificial flagellateand with 
underwater swimming demonstrated that sufficient force is produced by the simple 
conical g 5 Tation of a body to account for rapid locomotion toward the base of the 
cone Fig. 22 and its legend describe the propulsive mechanism as conceived by 
Lowndes. I have never, to my knowledge, watched the swimming of this partic¬ 
ular organism, but I have observed other similar ones. Prom my own experiments 
and the work of Mr. Lowndes, I have no doubt that the gyration of the organism 
could account for a relative speed of 40 (that given by Lowndes for Monas stig- 
maiica), if the body gyrated with sufficient rapidity. But in the forms I have 
observed, it is difficult to imagine how the body g)n*ation alone could produce such 

Te 



Fig, 22. “Monas sUgmatica with its two flagella. Diag/ammatic.” "Waves pass along 
the long flagellum, from base to tip, in a spiral manner with an increase m velocity and ampli¬ 
tude. The force generated is transmitted to the surface of the cell at A. This causes the 
organism to rotate and ^rate about the axis D. (The edge B going below the surface of the 
paper and C being raised above it.) Thus the organism is converted into a rotating inclined 
planb and moves forward more or less in the direction indicated bv the arrow E. The very 
short flagellum F appears to act as a raiding or sensory organ during normal swimming." 
(Redrawn and quoted from Lowndes, IMS a.) 

speed. At a rate of body gyration of only about l/sec. the relative speed mav be 
at least 5. I should think that the forward component produced by the flagellum 
would aid greatly in the attainment of high spe^. But perluq>s my imagination 
is not keyra to the physics of the micro-world of the fla^llum. Apparently the 
mechanics and physical relationships (e. g., the relative viscosity of water, a major 
item in the protozoan world) to which we are accustomed are tremendously 
altered, practically non-existent, at this level of dimensions. For an interesting 
discussion of some of the differences see Bidder (ld23, pp. 304-307). 

Brief mention may be made of the possibility of studying living organisms with 
the electron microscope. It would obviously be denrable to study such a structute 
as the flagellum in the living, intact state. Several papers have appeared relative 
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to the possibility of observing living structures with the instrument, but, so far as 
I know, the only objects studied thus or even very practical for such study have 
been spores. Perhaps the most ambitious attempts have been made with the closed 
cell described by Abrams and McBain (1944). The obvious difficulties result 
from greatly reduced contrast and Brownian movement, which prevent photo¬ 
graphing of the objects tmder observation. Another major factor is the killing 
effect (aside from heat production) due to “ . . . the electrons bounding down 
through the specimen and breaking the chemical bonds of the specimen. Breaking 
the bonds is detrimental to all living organisms. Every bond in living organisms 
does not have to be intact, but the critical molecules in the living organisms must 
have a specific structure in the organism for it to grow and reproduce itself. When 
you consider that, in maximum intensity, the beam reaches a high value of 1,000 
electrons per square angstrom per second, you can realize that it wouldn't take 
the scattering of many electrons to kill such an organism." (Anderson, 1943.) 
In terms more familiar to the biologist, this electron b^ombardment would amount 
to 100,000,000,000 electrons striking a surface of 1 square micron each second 
The average protozoan body would present a surface of a considerable number of 
square microns. Thus the prospects of studying a living flagellum, even if it 
were perfectly stationary and met the other requirements, would not be encouraging. 

Summary 

1. The work of previous investigators in this field is reviewed and discussed. 

2. The structure of the flagellum of several species of Protozoa has been 
investigated by means of the electron microscope. Micrographs are included 
which show that; 

(a) The flagella studied are of approximately uniform diameter throughout 
their entire length. 

(b) Each flagellum consists of a denser axial core (axoneme) and a less 
dense sheath surrounding the core. 

(c) In the flagella of Euglena and Astasia the axial core appears to consist 
of two closely approximated fibers of equal size. 

(d) The sheath appears to contain or to consist of a coiled fiber which 
encircles the axial core in a helix. 

(e) The flagella of Euglena and Astasia bear, along one side, what appears 
to be a single row of delicate filaments (flimmer) extending from the sheath. 
These flimmer have an average length of about 5-6 times the diameter of the 
flagellum proper. 

(f) The long flagellum of Ochromonas bears similar filaments along both 
(or all ?) sides. 

(g) The flagella of Chilomonas bear no such lateral filaments. 

The significance of certain details present in the electron micrographs is 
discussed. 

3. The presence of two equal fibers in the flagellum of Euglena, together with 
the fact (demonstrated by previous investigators) that the flagellum of this form 
has two separate roots, indicates the ancestral formation of its flagellum by the 
fusion or union of two flagella. The h 3 rpothesis of a biflagellate ancestry of Euglena 
is strengthened. 

4. The pOKibility of the origin of the primitive protozoan flagellum through 
the \mion within a common matrix of several simple fibrillar flagella (as are present 
in certain bacteria) is suggested. Evidence for such a theory is presented. 
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5. Observations were made on the activity of living flagella. The results were 
in direct confirmation of Lowndes’s contentions that: 

(a) The flagellum beats in spiral undulations. 

(b) The waves of contraction progress from the base toward the tip of 
the flagellum. 

(c) As they progress, th6 waves often increase in amplitude. 

(d) The flagellum usually serves to push, rather than to pull the organism 
through the water, although it arises from the anterior end of the body. 

6. Experiments were performed by means of actual underwater swimming by 
the author and with an ‘‘artificial flagellate” to determine the forces produced by 
gyrating bodies in water. In both cases, a simple conical gyratory movement 
was found sufficient to produce locomotion. Employing the artificial flagellate, 
it was found that rotation and gyration of a small body at about 6 gyrations per 
second was capable of producing a relative speed of as much as 7.0 (i. e., 7 len^hs 
per second), in spite of the fact that the body had to pull along after it an object 
much larger than itself. This confirms the theory of Lowndes that the rotation 
and gyration of the body alone may adequately account for the locomotion of many 
flagellates, without any forward component produced directly by the flagellum. 

7. A h 3 rpothesis is suggested concerning the mechanism of flagellar function: 
Perhaps the helical fiber of the sheath transmits an impulse which stimulates local 
contraction in the underlying fibrils. Possible ways by which such a mechanism 
might account for the various types of flagellar movement are mentioned. 

8. Promising techniques, recently developed in other fields, are suggested for 
further research on flagella. 
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The Protozoan Flagellum—Harley P Brown 


Plate 1 




A. Portion of a diatom used for measurements aiwl estimation of magnification KM 170!^ D 
B. Astasia klebsii. Portion of flagellum showing unilateral flimmcr and indications of helix 
of sheath as in Plate i» EM 1712 O. Technique /L 
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The Protozoan Flagellum—Harley P Brown 


Plate 2 



Euglena gracilis. Extremities of bodies and portions of flagella. Fig. A, EM 1704 D. 
Fig. B, EM 1096 D. Preparecf aecording to tpchnique #1. 
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1'ho Protozoan Flagellum--Harley P Brown 


Platk 3 




The Protozoan Flagellum—Harley P Brown 


Pr.ATF 4 




Rufthna firacUU. Part of a flagellum showing unilateral flnnmer esj^ecially well. 
EM 1700, 1701 D Teehniciue ^1. 




The Protozoan Flagellum“ Harley P Brown 


PI.ATK 6 



Euii^lena ^racihs. The flagellum extends from the body, loops, and returns to he alongside 
the body. EM 1710, 17! I D Tcchniciue i(\. 


287 





The Protozoan Flagellum—Harley P. Brown 


Platk 6 



Euglena gracths In the upper section, the flagellum is seen to emerge from the body. It 
has been snapped by a rupture of the supporting film, and parts of the axoneme are exposed. 
The length of the flagellum is about 13 ju. EM 16117, 1698, 1099 D. Technique #1. 



The Protozuiin Fhii'ellnm— Harley P. Brown 


Plate 7 



Rugkna graahs Portion of tlic fUiKelluni showing two very difTerent apixjurances. The 
wnper part perhaps represents the more nearly natural condition See discussion m text. 
Note tne transA'crsely striated appearance of the uiipcr, denser portion, produced by the closely 
wrapped helical fiber EM lfi92, 1094 I). Technuiuc #1. 





The Protozoan Flagellum Harley Brown 


Plaik H 



Euglena f(ractli.s l^ortion of Hagellum showing a swollen appearance, perhaps due 
the escape of flagellar plasm during drying KM 1707, 170S 1) dVchniriue HI. 








Euglet^ grtuilis. Portion of flagellum showing unilateral flimmer. In places where the 
nageUum is twisted, the two equal fibers of the axoneme are made rather obvious. The helix 
01 tile sheath ap^ars to be closely appressed to the’axoneme (note regular bumps alone sides 
of flagellum. PM 1620. 1621 D. Technique #2, ^ ^ 
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The Proto^oMD Flagellum—Harley P. Brown 


Plate 10 



Chilomonas paramecium. Anterior end of body and the two flagella. No flimmer 
are to be observed. EM 1723, 1724, 172fi L). Technique ^1 
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The Protojioau FlaKt^’lluni Harley F’ Brown 


Plaik 11 



Oihromotuis vanahihs Portuin of body and fhiKeilum showing dimmer on both (all ?) 
sides, n(d m a sin^de l.it.eral rov\ as on the na^iellum of Eui^lena, The dimensions of Oihromona^ 
flagella vary with the st/e of the organism, but in those [>hotofjraphed they ran^^ed for the 
most part between 4 and (i f) /i in len^tli, ayeraj^inj^ alnnit 0 1 m in diameter The dimmer seem 
to a\erage aliout 0 5 m at length and are less than 0 01 m m diameter Note apparent helix as 
m Idafes 0 and 1 B ICM 1745 I) 'iVehnique §\ 
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Tile Protozoan Fla^rellum- Harlev P Brown 


Pla'ik 12 



Ochromonas variafnlis. The entire body of the or^^anism is sliown, with most of the 
naj^ollum. The small second lla^?ellum may be seen near the base of th(' lon^ llaKellum. No 
htinmer have been observ(‘d upon it Apparent helix as in Plate 11. I'M 1737, 1731) 1). 
leehnuiue #1. 
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THE EYE-BANK FOR SIGHT RESTORATION 

More than half a hundred hospitals in nine states are already cooperating 
with The Eye-Bank for Sight Restoration, Inc., in a nation-wide effort to help 
restore or remedy the vision of America's estimated 15,000 persons blinded because 
of comeal affections, it was announced recently by Mrs. Henry Breckenridge, 
executive director of the Eye Bank, 210 East 64th Street, New York. 

In Greater New York alone, 32 hospitals are associated in the movement to 
make available for distribution healthy corneal tissue for those whose sight may 
be restored through comeal graft operations by which ocular opacity is overcome, 
the announcement stated. 

In addition, 8 hospitals in other New York state cities, together with 6 in 
New Jersey, 3 in Connecticut and one each in six other states have become actively 
affiliated with the movement. 

Organized only last Febmary, the Eye Bank was established for the collection, 
preservation and distribution of healthy corneas which may be obtained only 
from persons either living or immediately after death. Inasmuch as corneas 
may be preserved and utilized for transplanting to the eyes of others for only 
72 hours, speedy collection and distribution is essential as soon as they are obtained. 
Whenever cooperating horoitals have eyes available, the Red Cross Motor Corps 
rushes them to the Eye Bank for distribution to persons requiring the comeal 
graft operation. 

In addition to extending this activity to hospitals throughout the United 
States, the Eye Bank is presently engaged in a nation-wide effort to obtain support 
for its work through solicitations for memberships and donations of eyes after death. 


BOOK NOTICES l 
Indiaiu Climate 

Isaiah Bowman in an address at one of the recent meetings has declared that “facts more 
valuable than all the gold of the Klondike lie hidden in the climatological records of the Weather 
Bureau." Whether or not it might be further remarked that an equally valuable set of climatic 
facts are overlooked or obscured by Weather Bureau methods of taking and recording data, 
docs not detract at all from the vast store of climatic data Professor Stephen S. Visher has com¬ 
piled and summarized from Weather Bureau records in a book titled "The Climate of Indiana." 

That Professor Visher has sought out so much of the hidden value in the records is obvious 
at a glance. That he recognizes certain limitations of Weath^ Bureau records is clear through 
study of his work. The 27-chapter book contains 70 tables and almost 500 figures, 400 of which 
are maps of Indiana which emphasise various aspects of the state’s climate. Moreover, these 
are not the conventional presentations of averages and extremes, but pesentations of data that 
may be utilised bv workers in biology, geography and other fields. That it is not simply calcu¬ 
lation for tiuskulation’s sake may be judged from the following types of data which he has mapped: 
Days per decade during which temperature was continuously below 10'’; percentages of Junes, 
Juiyi, Augusts which have had less than IH' of raki; times per 40 years that the crop-growing 
season was humid, moist sub-humid, dry; January, Pebrusiy, March, etc., 2-day rains of 2 
inches or more per decade; normal date of berinning of com planting; average number of days 
per year with maximum temperatures below 82®. These are only a few samples of many. 

The thoroughness of Professor Visher's research cannot be told in little space but is suggested 
by the chapter titles. Ompter 1 is a general discussion of Indiana climate, and more or less 
of a summary of the next 16 chapters. These deal specifically and in meticulous detail with 
weather phenomena such as temperature—average, high and low; killing frosts; precipitation— 
qormal and near normal, drouths, especially wet months and seasons, snowfall, ramfall intensity, 
hwl and floods; humidity; sunshine and clouds; winds; thunderstorms, lightning, tornadoes. 
Contrasts of seasonal weather and seasonal weather types are discussed in two chapters. 

In Chapters 19 to 24, climate is discussed with relation to phyuogr^hy, crops, and health. 
One chapter is devoted to claafifying Indiana climate. He reoDgnises 8 iijenenu divisions, the 
western, central and eastern thirds, each section being fur^er subdivided into 8 or 4 divirionB 
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north and south. One chapter is devoted to the climate of Bloomington and the final one is 
given over to comparative climatic data from 6 widely scattered stations. 

The effects of climate on Indiana topography is an interesting summary, for climatic 
dements—wind, water and ice—have all playSi significant roles in the development of Indiana 
scenery. That the author is cognizant of the fact that the Weather Bureau methods and compila¬ 
tions obscure certain vital extremes in local areas is shown in his discussion of the effects of 
physiography on climate, although the treatment is brief and data fragmentary. His analysis 
of factors affecting crop plants is much more thorough and certainly more functional than most 
statements made by ecologists and weather bureau analysts themselves. 

Prof^sor Visher has obtained most of what is obtainable from Weather Bureau records 
for a region the size of Indiana. ' To this reviewer’s knowledge it is more than anyone else has 
ever done for an area of similar size. 

It is unfortunate that such an excellent work necessarily had to be based on data compiled 
on the conventional static monthly basis. Otherwise, seasonal contrasts, wet periods, drouths 
and other periodic events might have been better emphasized and compart. For example, it is 
difficult to compare percipitation phenomena of 28-day Februaries with 31-day Marches. 
Wettest 30 days, or driest 30 days, on the basis of long records or for individual years, are seldom, 
if ever, limited to the period between the first and last day of a given month. 

What Deam has done for Indiana flora, Visher has matched in his treatment of the clunate 
of Indiana, To investigators in fields where climatology is an essential adjunct, this work will 
prove valuable reference—not only for its information, but for its presentation, selection and 
analysis of date .—John N. Wolfe, 

The Climate of Indiana, by Stephen S. Visher. 511 pages, 492 figures and 81 tables. 
Indiana University, Bloomington, Indiana, 1946. $4.00. 


Infrared and Raman Spectra 

Infrared and Raman Spectra of Polatomic Molecules is the third in a series of books on 
atomic and molecular spectra by Professor Herzbe^. The first concerns itself with atomic 
spectra alone, while the second on Diaiomte Molecules is really Volume 1 of the series on molecular 
spectra. The present volume on Polyatomic Molecules deals with Infrared and Raman Spectra 
from the points of view of both theoretical treatment of molecular models and the interpretation 
of experimental data on these models. This book is indispensable to both the beginner and to 
the man doing independent research in the field of molecular structure. Professor Herzberg 
has combined an elementary treatment of the problem of the vibration and rotation of molecules 
with a more advanced point of view. The text material is illustrated with many cases taken 
from the literature on the subject. Throughout the book are a number of fine print sections 
which may interest only the specialist, and which may be omitted by the banner without the 
loss of continuity. The principal value of the book to the specialist is that it contains at least 
a thumb nail treatment of most of the molecular types known and extensive tables of both experi¬ 
mental and calculated data. The tables and bibliography are very well cross-referenced, so that 
where the treatment is not complete the original papers may easily be found. Professor 
Herzberg has recalculated ma^ constants to fit a more uniform terminology, similar to that used 
in his Diatomic Molectdes. The Introduction contains a treatment of Group Theory which 
should be found useful to many who have no previous knowledge of the subject. 

Chapter I gives a general introduction to the subject of Linear, Symmetrical Rotator, 
Spherical Rotator, and Asymmetrical Rotator molecules in which energy levels, formation of 
spectra and intensities, are discussed. 

In Chimter II, Professor Herzberg deals with the general problem of vibrating systems of 
particles. Considerable space is devoted to syi^etry types of the normal vibrations m a great 
many molecules. Applications to several specific mod^, notably, linear and non-linear XY|, 
and pyramidal XYi. The subject of anharmonicities, and isotope effect are also treated. 

Chapter III considers the Vibrational Infrared and Haman Spectra from both a Classical 
and Quantum Mechanical point of view. Following this are specific applications to a great 
many well-known molecules--COi, CSg, HiO, CtHj, etc. 

The problem of the interaction between rotation and vibration is treated in Chapter IV, 
Combination relations which lead to the calculation of some of the molecular constants are 
developed. Various models are considered separately with discussions of their band appearance. 

Chapter V contains applications of much of the foregoing material to the calculation of 
thermodynamic quantities. 

Infrared and Raman Spectra of Polyatomic Moleculeg, Gerhard Herzberg. xiii+682 pp. 
Fig. 174. 1946. D. Van Nostrand Company, Inc., New York. $9.50.-^Alvin H, NeUsm, 
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THE PRODUCTION OF OSTEOMYELITIS IN RATS* 

J EMERvSON KEMPF AND J AR'I'HUR HERRICK, 

From the Hyjjienic Laboratory, University of Michijjan, 

Ann Arbor 

Rodel (1) in ISS4 was the iirsl lo produ(‘c\ by the intravenous injeetion of 
staphy]o('o(’('i into young rabbits, the suppurativi^ necrolie lesions of bone resem¬ 
bling those of hematogenous osteomyelitis in man vSincv then, other workers 
have eiTiiiloycd ral:)bits, with considerable sueet'ss, for studies of this dist'asc. The 
dog has also been usi‘d, (2, 4), but the results have been somewhat less satis¬ 

factory Sin(T small laboratory animals ofTt'r spi^eial advantages for the' study 
of osteomyelitis, it seemed desirahk* to investigate the ])ro(lu(‘tion of this disease 
in a relatively cheap and available animal, the rat 

St»vf*ral years ago, in this laboratory, Mr Paul Prager was able to jiroduce 
exjX’nmenUil osteomyelitis in the tibia of the whiti' rat Ills le(4inique was lo 
insert a pie('e of No 50 white ('oUon thn'ad into tiu' hone marrow, and then injec't 
into tht' area a eulltin* of StaphyUnoccus annus 4'his paper <](‘als with further 
studies and technical rnodifi(atious of Prag(‘r's ineihod. 

The organism usc‘d in these expcnnu'iits was a strain of Staphyloioccus aureus 
which had Iktu isulatt'd from a patient with chronu' hematogenous osteomy('lilis 
It was maintained on blood agar slants and stored between growth periods for as 
long as f) months without losing mfectivity All cultures ust^fi as inoculums wvrv 
prepared by transferring organisms from a hlocxi agar slant to 0 1% gluc'ose 
proteose* pcpitone broth (Difc'o), and incuibating at 37 C. for 24 hours 

The rats employed in these experiments were of the Wistar strain Pre¬ 
paratory to inoculation, the animals were anc'sthctized by the* parenteral injection 
of nembutal (40 mg. per kg, of body w^eight) For producing trauma of the bone 
or Icx-al inoc'ulation, the hair on the leg was I'lippcd, the skin swabbc'd with iodine, 
and a 1-cm. incision made over the medial asfHX’t of the proximal portion of the 
tibia. The periosteum was scraped from the tibia, and a hole 1 to 2 rnm in diam¬ 
eter was pierced with a small forceps or scissors through the compact layer into 
the bone marrow. Following inoculation, the skin was sutured with c'otton 
thread. The vskin incisions healed rapidly, as a rule 

A number of variations in proceciures used for the pnxluetion of osteomyelitis 
were made' 

Method 1; Rats were inoculated by injecting 0 1 ml of culture deep into the 
marrow cavity. 

Method 2: A 2- to a-em. length of No, 50 white cotton thread, saturated with 
the broth cnalture, was inserted deep into the marrow. This was followed by the 
injection of 0.1 ml. of culture into the marrow. 

Method 3: A wisp of cotton, soaked with the culture, was inserted into the bone 
with the aid of a small curved forceps. As in method numVier 2, this was fol¬ 
lowed by the injection of 0.1 ml. of the inoculum. 

'A prelimina^ report of this investigation was presented at the East tensing meeting 
of the Michigan Branch of the Society of American Bacteriologists, June 1, 1946. 
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Method 4: About 0.1 ml. of warm 1.6% agar gel was injected into the marrow 
cavity. A few minutes were allowed to elapse, after which 0.1 ml. of the culture 
was injected into the agar mass. Dochez (5) used agar to protect streptococci 
against the defenses of the horse in inoculations made for the purpose of producing 
antiserum. 

Method 5: One-tenth ml. of a 10% suspension of gastric mucin,^ sterilized 
by autoclaving, was injected into the tibial lesion. An injection of 0 1 ml. of the 
culture was then made. 

Method 6. One-tenth ml. of xylene, followed by the same quantity of culture, 
was injected into the marrow cavity 

Method 7‘ This was the same as method 6, except that cotton soaked in 
culture, as described in method ii, was inserted after the injection of the xylene, 
and before the injection of the culture 

Meth(xl 8: One-tenth ml. of the inoculum was injected into one of the tail 
veins. No local trauma was made 

Method 9: The rats were given an intravenous inoculation of culture as 
described above Within 30 minutes, an opening was made into the marrow of the 
tibia, but no local inoculation of culture was given. 

Method 10: The animals received 0.1 ml. of the culture intravenously, as well 
as 0.1 ml locally into the marrow cavity of the tibia. 

Method 11 • Intravenous inoculation of culture was followed by the injection 
of 0.1 ml. of a 10% solution of s(xiium morrhuate^ into the bone marrow. 

Method 12. This procedure was similar to Method 11, except that the tibial 
lesion was treated with xylene prior to being injected with the culture. 

Following inoculation, the rats were observed for 3 or 4 weeks, at which time 
they were anesthetized, the site of inoculation reopened, and observations made 
as to the presence of subcutaneous abscesses, pus, necrotic bone, and the size of 
the af^rture in the bone. A culture was made from the center of the inoculated 
area, in 0.1% glucose proteose peptone broth. If growth occurred, the organisms 
were stained by Gram*s method and examined. If the aperture of the bone lesion 
was 3 mm. or more in diameter, contained pus, and yielded gram-positive cocci on 
culture, a diagnosis of osteomyelitis was made. To verify this conclusion, sections 
of affected bones from 14 rats, judged to have osteomyelitis, were sent to the 
Department of Pathology, where the diagnosis was confirmed by microscopic 
examination. 

The results of attempts to produce osteomyelitis by the various methods out¬ 
lined above are summarized in Table I. The most successful method appeared 
to be that of placing a non-absorbable foreign body, such as cotton, saturated 
with a broth culture of Staph, aureus, in the bone marrow. This method pro¬ 
duced osteomyelitis in 94% of 81 rats. The use of method number 2, i. e., the 
insertion of culture-soaked thread into the bone marrow, followed by injection of 
0.1 ml. of the culture, produced osteomyelitis in 72% of 60 rats. The addition of 
an agent, such as xylene, known to inhibit the action of the leukocytes, at least 
during the first hours following inoculation, did not increase the incidence of bone 
lesions. 

Results following the injection of staphylococci and agar into the bone mar¬ 
row, in the hope that the agar would interfere with the defenses of the rat, were as 
satisfactory as those obtained when thread was used as a foreign body. Of thir¬ 
teen rats so inoculated, 77% developed osteomyelitis. The injection of mucin or 
xylene along with the bacterial inoculum did not result in any significant increase 
in the incidence of the disease over that of the group of animals receiving culture 


*Lot No. 49799, prepared by the Wilson Laboratories, Division of Wilson and Company, 
Incorporated, Chicago, Illinois. 

*Lot No. 097-S, Burroughs Wellcome and Company, New York, 
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alone. Staphylococci injected into the bone marrow, with no foreign body, caused 
osteomyelitis in only 12.5% of lf> animals so inoculated. 

The intravenous injection of staphyloc'oen into rats, with or without trauma to 
the bone, did not produce the disease. 

Since osteomyelitis in man has a tendency to occur more frequently in the 
young, it seemed advisable to determine the relationship of the age of rats to 
their susceptibility to experimentally induced osteomyelitis. Rats were divided 
into two age groups as determined by their weights, the young group averaging 
50 grams each and the adult group approximately 250 grams. All were inoculated 
by method 3. The results arc presented in Table 11. It will be noted that 85% 
of fourteen 50-gram animals developed osteomyelitis, while 72%) of 14 older rats 
developed the disease. The difference in incidence of infection is suggestive of a 
somewhat greater susceptibility of young rats in comparison with older animals. 


TABLE I 

The Resui.ts of Various Methods for the Production of Osteomyelitis 
IN THE Tibia oi- the White Rat 



Method Number and Procedure* 

Numlier of 
Animals 

Percentage of 
Animals which 
Developed 




Osteomyelitis 

1 

Staph, culture injected into bone . 

16 

12 5 

2. 

Staph, and cotton thread m bone. 

60 

72 

3. 

Staph, and cotton wisp in bone. 

8! 

94 

4, 

Staph, and agar in bone ... 

13 

77 

6 . 

Staph, and mucin in bone . . 

18 

11 

6. 

Staph, and xylene in bone _ 

16 

19 

7. 

Staph,, cotton and xylene in bone 

20 

85 

8. 

5/apA, intravenously.. ... 

9 

0 

9. 

Staph, intravenously and tibial trauma 

9 

11 

10. 

Staph, intravenously and in bone 

Staph, intravenously and sodium inorrhuate in 
bone. ... 

13 

0 

n. 

25 

20 

12. 

Staph, intravenously and xylene in bone 

11 

27 


•The several methods are described in detail in the text. 


TABLE II 


The Effect of the Ace of Rats on Their Scsceptibilhy 
TO Osteomyeijtis 




Percentage which 


Number 

Developed 

Average Weight of Animals 

Inoculated 

Osteomyelitis 

50 grams . . 

14 

85 

250 grams. ... 

14 

72 


Since the course of osteomyelitis in man is variable, ranging from acute to 
chronic, the course of the disease in one group of rats was followed for an extended 
period. Thirty-five rats with osteomyelitis 25 days after inoculation were observed 
50 to 65 da3rs longer. Sixty-six per cent of these animals still had gross evidence of 
the disease, while the remainder had evidence of healed craters in the bone, from 
which bacteria could not be cultured. 
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SUMMARY 

Several mcxiifications of a method for the production of osteomyelitis in the 
tibia of the white rat have been evaluated. The insertion into the bone marrow 
of a cotton wisp impregnated with a broth culture of Staph, aureus was found to be 
the most satisfactory of the various procedures tested. Substitution of a piect* of 
cotton thread or of agar, for the cotton wisp, resulted in a significant though 
somewhat lower incidence of osteomyelitis. Little success was attained when no 
foreign body was present. The use of such agents as mucin or xylene did not 
significantly change the incidence of infection from that obtained when culture 
alone was injected into the bone 

The susceptibility of young rats appeared to be slightly greater than that of 
older animals. 

The lesions persisted for as long as 75 to 90 days in 06% of 35 animals. 

REFERENCES 

(1) Rodetf A. 1884. Etude expdrimentale sur l’ost(k5mvohte infectieuse Compt Rend 
Acad, des Sci 99 ■ 569-571. 

(21 Starr, C. L. 1922. Acute hematogenous osteomyelitis. Arch Surg 4 : 567-587 

(3) Bancroft, F. W. 1921. Acute haematogenous osteomyelitis Ann. Surg 73 *681-700 

(4) Schemen, L., Lewin, P., Sideman, S., and Janota, M. 1943 Experimental ostet>myelltl^ 

Am J. Surg. 60.371-380 

(5) Dochez, A. R. 1925 Etiology of scarlet fever. Medicine 4 251-274. 


A Book to Enjoy 

This volume is the third in a senes on mountains for which Professor Roderick Pcattie is 
acting as editor. In this instance he has contributed a foreword telling of his early enjoyment 
of mountain climbing in southwestern Colorado near the mining camp of Curay. By a lu(‘k> 
turn of fate he met Dr. Atwood on this jaunt. “I learned far more from Wallace Atwood on that 
trip than I did in his classroom,” Peattie says and thus sets the whole atmosphere of the book, 
namely, to take the reader out into the field in company with a distinguished teacher who can be 
the serious field worker and have fun camping also. The chapters are alternately camping and 
geology. Nine of the National Park areas are treated in one chapter. In another, spiced with 
miner's yarns, a number of the famous Western mining centers are covered. Indians, ranchmen, 
farmers, tounsts, camp trails and saddle horses all enliven the human picture. The stories of 
volcanoes, of how mountains rise and are worn down, the nature of core rocks and other topics 

f resent the vast geological panorama in the remaining chapters. Illustrations are of two sorts 
hotographs and numerous handsome pen sketches by Eugene Kingman. This is just the book 
for a present to an enthusiastic traveler.— A . E Waller. 

The Rocky Mountains. Wallace W. Atwood. The Vanguard Press, New York, 1945 
pp 324. $3.75. 



THE WILMINGTON REGION 

JAMES E. VANCE, 

Adult Education Foundation, 

Cleveland, Ohio 

The Wilmington Region oanipies the greater part of Clinton County in south¬ 
western Ohio on the eastern margin of the Little Miami drainage basin (Fig. 1). 
This region is the area tributary to the town of Wilmington The region is 
approximately circular with a radius of some ten miles from its center, the city 
of Wilmington 

The settlement pattern is irregular, with property lines running in various 
directions fomiing many different geometric designs No north-south or east- 
west property lines, roads, or village streets occur m the region served by Wil¬ 
mington. This settlement pattern is characteristic of the entire area between 
the Scioto and Little Miami Rivers known as the Virginia Military Lands * The 
failure of Wilmington to square with the cardinal points of the t'ompass is note¬ 
worthy since the city was platted on a rectangular pattern as the ('ounty scat in 
August, 1810 

The historical occupancy of the region can be divided into four periods (1) the 
early period of settlement from 1804 to the fonnation of Clinton County in 1810, 
(2) from the establishment of the county to 1852, when Virginia relinquished all 
her remaining idaims to the Federal Govcniment- (3) the opening of remaining 
lands to all settlers, 1852--1880, a period of greatest growth, and (4) 1880 to the 
present, a period of decline in f)opulation 

The terrain of the Wilmington Region vanes from undulating to gently rolling. 
It lies within the till plains of the Ccmtral Lowland.’^ The area was covered by 
drift during the Illinoian, Early Wis('onsin and Late Wisconsin glacial stages 
The most conspicuous glacial features are the Cuba Moraine, UTminal moraine of 
the early Wisconsin, and the Reesville Moraine (Fig 1), terminal moraine of the 
late Wisconsin, and the erratics. The Illinoian drift was covered by a thin layer 
of loess. The underlying bed rock is dolomite, limestone and shale of the late 
Ordovician and early Silurian ages The Niagara Formation of early Silurian is 
the only mineral deposit worked in the area. 

The streams of the region are small, often irregular in How. Most of the 
streams are tributary to the Little Miami River with the divide between the 
drainage basins of the Little Miami and the Scioto Rivers following the Reesville 
Moraine through the eastern part of the county. 

The original vegetation at the time of settlement consisted of an oak-hickory 
hardwood forest with oak, hii'kory, beech and maple predominating.^ 

The soils are gray-brown podzolic and gray planosols ^ These soils have been 
formed in a humid, intermediate climate. The podzolic soils are the more fertile 
and are associated with the Wisconsin drift. The planosols have l^een formed 
from the loess deposits and are characterized by the level areas they occupy and 
the development of impervious hardpan layers at varying depths. 


'Peters, W. E , Ohio Lands and Their History, 3rd ed. Athens, 1930, p. 123. 

Ubid, p. 134. 

*Fenneman, N. M., Physiography of Eastern United States. New York, 1938 p. 455 
^Austin, G. M., Surface Geology of Chnton Countj^ Ohio. Wilmington, 1930. p 7. 
^Watson, S. A., Vegetation of Clinton County at Time of Settlement. Wilmington, 1927. 
Mimeographed. 

•U. S. Dept, of Agric.—Yearbook of Agriculture, 1936. Soils and Men, Map—“Soil 
Associations of the United States ’* 
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This region has been classified as humid microthermal with adequate precip¬ 
itation at all seasons.^ On the average. January is the coldest month (30.3* F.) 
and July the warmest (75.8* F.). The yearly mean is 53.0* F.. with an average 
growing season of 153 days. The average annual precipitation over a 28 year period 



Fig. 1. Map of Clinton County, Ohio. Reesville Moraine—Terminal Moraine of Late 
Wisconsin Drainage divide between Little Miami and Scioto. Cuba Moraine—Terminal 
Moraine of Early Wisconsin. Wilmington—County Seat. 

n'homthwaite, C. W., '‘Climates of North America According to a New Classification.** 
Ceographical Review, Vol. 21, 1931, p. 633-665; p. 061; Map opposite p. 664. 
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is 45.9 inches,^ rather evenly distributed throughout the year, but slightly higher 
and often irregular in the summer months. 

ECONOMIC DEVELOPMENT 

The difficulties of transportation in the early days of settlement made it nec¬ 
essary for the settlers to be practically self-sufficient. They raised all of their 
food and most of the products from which they made their clothing. Such early 
industry as developed was largely one of converting agricultural surpluses into 
marketable commodities, or to fill a local need Flour or grist mills, tanyards and 
distilleries were established to take care of an agricultural surplus. Brick, harness, 
shoe, hat, cabinet and wagon making were among the first non-agricultural indus¬ 
tries of the community. These products were consumed locally ^ A c'orn-hog 
agricultural economy set in rather early. At first swine were driven to market, 
but by 1830 local slaughter and packing houses had been erected and shipments of 
their products were made by wagon to Cincinnati.''^ 

The first railroad through Wilmington, the Pennsylvania,*’ was oj^ened for 
traffic in 1853.'* This made connections with Cincinnati and Zanesville. In 1883 
another railroad, the Baltimore and Ohio,'* provided connections with Cincinnati 
and Columbus These lines provided good facilities for bringing in finished 
products and shipping local agricultural products of the region to more distant 
markets. 

The greatest change in the period following the building of the railroad came in 
a shift in the type of manufacturing. Local manufacturing already mentioned 
gave way to better and more economical products from other regions However, 
an industry involving the manufacture of metal products dcveloi)ed in Wilming¬ 
ton. Although this new industry depended on raw materials imported from out¬ 
side the region and upon a national market for the sale of finished products, it has 
attained great importance in the local economy. 

The earliest highway in Clinton County was Kenton’s Trace, known as the 
Urbana or Ripley Road, which was laid out before 1803.The present system of 
roads is the outgrowth of variotis traces, turnpikes, toll roads and after 1848, free 
roads.'® These early roads were poor by present standards, mostly rough, narrow, 
gravel roads, but none-the-less important. 

The advent of the automobile changed road building standards here as else¬ 
where, Today Wilmington is the center of an excellent system of hard surfaced 
highways radiating throughout the county and providing easy ac'cess to all parts 
of the state. The importance of Wilmington to the county increased with the 
development of the automobile. The city became physically more accessible and 
in terms of time was now closer to all parts of the county. The Wimlington 
Region itself increased in size. 

ECONOMY OF THE WILMINGTON REGION 

The Wilmington Region is near the heart of a small section of the com belt in 
southwestern Ohio called the ‘‘Fayette-Champaign Livestock phase of the Com 

•U. S. Weather Bureau, “Climatic Summary of the United vStates to 1930,” Sec. 69. South¬ 
western Ohio, and Annual Reports, 1931-1943 

•History of Clinton County. Beers and Co., 1888, Chicago p. -182 491. 

‘®rbid, p 790. 

^‘Originally known as The Cincinnati, Wilmington and Zanesville Railroad 

‘•Annual Report of the Com nissioner of Railroads and Telegraphs, State of Ohio, N'ear 
ending June 30> 1870. p. 622. 

‘•Originally known as The Columbus, Cincinnati imd Midland Railroad 

‘^Annual Report of the Commissioner of Railroads and Telegraphs, State of Olno, \ ear 
ending June 30, 1884 p. 684. 

‘^History of Clinton, op cit., p. 350 

“Ibid., p. 363, 364. 
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Belt,” while the southern limits are included in the ” Maysville-West Union 
General Tobacco-Livestock Self-Sufficiency” province.'^ 

Within this farming region there is a minimum of diversity. As one moves from 
the center towards the periphery few changes are noticeable The terrain to the 
south becomes more highly dissected, the soil is less productive and there is less 
emphasis upon com. No change is noticed within the region to the north and 
east where there is a continuation of the livestock phase of the com belt. This 
type of agricultural economy extends to the hill section of the Appalac^hian Plateau 
near the Scioto River on the east, and northward of a distance of over fifty miles. 

Farming methods are more.or less uniform. Crop rotation, generally on a three 
year basis, is the accepted practice. The order of succession is com, small grain, 
pasture and return to com. Com is first in importance occupying over one-half of 
the land; wheat is second occupying one-third the acreage devoted to com. Corn is 
grown as feed for swine and cattle, both of which are cash income crops. Wheat is 
grown for feed and for sale, but much the greater amount for sale Other crops 
arc: oats, sweet com, rye, buckwheat, barley, wheat mixture (for feed only), soy 
beans, tobacco, potatoes and other vegetables. 

The production of swine is of greatest importance in the Wilmington Region. 
Over 150,000 head are raised annually. Dairy products, sheep, poultry and some 
feeder cattle are secondary 

Most of the livestock moves from the Wilmington Region to Cincinnati, Day- 
ton, Columbus and Washington Court House, while a little gcx's to more distant 
points. The weekly auction at Wilmin^on serves as a concentration point. 
Movement of livestock is about equally divided between the railroad and motor 
truck. All stock shipped to the Dayton market moves by truck. 

The Clinton County Lamb and Fleece Improvement Assoc'iation markets 
lambs and wool for members in Clinton County. The Clinton County Fami 
Bureau purchases wool in the county for shipment elsewhere. 

The most important dairy product in the Wilmington Region is fresh milk. 
Two dairies supply the city of Wilmington. Four truck routes are operated 
throughout the county by dairies in Dayton, Cincinnati, Washington Court 
House and the condensing milk plant at Hillsboro. 

Poultry products, eggs, chickens and turkeys, are sold to hucksters, regular 
customers in town or to local dealers. Most of those sold are shipped by the local 
dealers to Dayton and Cincinnati. 

The total cash income realized by the farmers of the region in 1942 was approx¬ 
imately $8,000,000. That received from livestock products exceeded 90 per cent 
of this total. Swine lead with 63 per cent; dairy products were next with 12 per 
cent; poultiy, 8 per cent; cattle, 4 per cent; and sheep, 3 per cent.^* 

While livestock provide the source of the farmer's cash income, the production 
of grain for feed is of basic importance. Among those grains, wheat serves not 
only for feed but as a direct cash crop. Its sale accounted for 6 per cent of the 
cash income in 1942.*“ Most of the grain moves through the elevators at 
Wilmington. 

The only mineral of economic importance in the region is Niagara dolomite. 
This formation has been quarried at various locations in the county. At the 
present time one quarry is in operation, at Melvin, 7 miles east of Wilmington. 


”Map, Type of Fanning Areas in the United States, Dept, of Agric., Bureau of Rural 
Economics, 1936. 

‘*Morison, F. L., and Falconer, J. I. "Estimated Gross Cash Income to Ohio Farmers 
from Sale of Agricultural Products and from Agricultural Adjustment Agency Payments, by 
Counties, 1942." Dept, of Rural Economics, Mimeographed Bull. No, 171. O, S. U., 1943. 

p 8. 

^•Morison anl Falconer, op. cit., p. 8. 
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Manufacturing in Wilmington shows no relation to the raw materials available. 
All of the manufacturing is in the metal industries, namely, the production of 
auger bits, furnaces, grey cast iron, and products made from this iron. Most of 
the raw materials used by the four plants come from a distance of over 50 miles 
and occasionally from as far as Pennsylvania and Alabama. The market is both 
state and national. This is the largest group of metal manufacturers in the eastern 
half of the Little Miami X^allcy. Their labor supply, about 500 employees, mostly 
men, is drawn from the region and within a radius of 20 miles. 

The retail business of the town depends to a large extent upon the surrounding 
farming community. Certain types of industry arc definitely related to the 
agrit'ultural ei'onomy. Elevators, feed mills, agricultural implement stores, and 
hardware stores supply the needs of the farmers. The town itself, with a popula¬ 
tion of only G,(X)0, could not alone support these establishments. 

Wilmington and the surrounding agricultural area are an integrated unit. 
The city depends upon the purchasing power the farmer as does the farmer upon 
the city as his market and a place in which to purchase' his needs 


Catalog of Illinois Algae 

The advancement of knowletlge of any group of living organisms is iiroportionate to the time 
[tnd effort expended bv individuals who collect, identify, describe and record their findings in 
siK'h a manner that their colletigues may ludge critically their own labors. Periodically, if these 
researc'hes are to retain their intrinsic value, it becomes imperative tliat they be cnticized in the 
light of new discoveries and integrated into a workable whole. Dr. Britton has accomplished 
this to a remarkable degree for the algae of Illinois. 

The 962 entncii are distributed through 178 genera <ind constitute, with the exception of 
fifty names whose validity or taxonomic position are inconsistent with modem algal interpreta¬ 
tion, a review of all Illinois algae A detailed review and classification of the literature con- 
( cming the state provides a basic starting point for future taxonomic studies. Each species 
in the compendium is accompanied by detailed distribution data concerning tlie exact locality 
within the County, the collector and the date of collectioni Such data will be of inestimable 
value to the Illinois Alogolgist and of only slightly less interest to his co-workers m other states. 

— C, E. Taft 

A Catalog of lUmois Algae, by Max E. Britton. Northwestern University Studies in the 
Biological Sciences and Medicine, No. 2.^ 1944 $3.00. 



MYRMECOLOGICAL TECHNIQUE 
I. The Use of Ether in Collecting Ants 

CLARENCE HAMILTON KENNEDY, 

Ohio State University, 

Columbus, Ohio 

Some years ago while collecting with Professor Fred Hitchcock, physiologist at 
Ohio State University, a nest of Camponotus caryae Var. (?) the limb containing 
the nest was wrapped up in th^ ground cloth carried by collectors, brought back to 
the Put-in-Bay laboratory where it was opened up in an unoccupied room on a 
hard flat floor and the attempt was made to capture all of the ants for a careful 
count. The species of this group are so extremely active that it was difficult for the 
two of us with tweezers and vials of alcohol to keep many of the ants from escaping 
from off the cloth. Professor Hitchcock suggested, ‘'Would it hurt the specimens 
to etherize them?*’ As ether was handy it was used on the nest. Immediately 
the operation changed from one of desperation to one of placid comfort as we 
picked up the sleeping ants. Ever since that time the writer has carried in his 
collecting bag at least a half pound of ether. Where collecting has been from an 
automobile or motor boat, among accessories is another half pound or pound of ether. 

I wish to point out that our Imowledge of many species of ants is extraordinarily 
imperfect because the collector too frequently picks a half dozen specimens out of 
the nest into a small vial of 70 per cent alcohol, then when he returns to the lab¬ 
oratory and checks his material carefully he finds that he would like a much greater 
series of that particular species. Too frequently the species runs from minute 
minores through a long series of sizes of mediae into a few very active majores. 
The temptation is always to collect the large ants which are usually brighter 
colored and more conspicuous. The other possibility comes up that the few majores 
may escape in active species before the tweezers can be gotten into action and the 
collector may even wind up with simply a small number of minores which in the 
hands of a taxonomist not widely familiar with the group, could easily be described 
as a new species. Probably in the literature on North American ants a number of 
such have been described on either majores alone or minores alone. In certain 
species we suspect the work of some of our most eminent myrmecologists especially 
European workers on American material. The museum material just does not 
agree with our own field experience with related species in the same group. 

Ether involves a small expense which to the majority of students of ants can 
be charged back to laboratory funds. For those who have to pay for it out of 
their own personal funds I would suggest that the cheap, impure ether which, 
before the war could be purchased in almost any sporting go^s store, be used 
instead of the medical grade which is found about scientific laboratories. This 
cheaper grade of ether is used by out-board motor boat enthusiasts who pour it 
into the gasoline tank in order to get the boat up into the level of dangerous speeds. 
All racing boats use it. It usually costs about half as much as medical ether and 
comes in cans of one pound each. A comfortable amount to carry is one-half 
pound which quantity can be transferred to a medical ether can from the larger 
can of crude ether. 

Some provision has to be made in the bag that the ether is carried upright as it 
tends to flow past the best of corks if it lies on its side. A leak of ether in the 
bag could produce serious results when the collector lights a cigarette. It can 
bum the collector badly when it seeps on to areas of thin tender skin. 

The use of ether is especially desirable in collecting timber ants which from 
their environment are all active, fast climbers. In the capture of these, as soon as 
an opening is suspected of containing an ant's nest, a few drops or a teaspoonful 
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of ether is poured about the opening and into it. This stops any sudden egress of 
ants while the opening is being enlarged. During the process of cutting into the 
nest more ether is applied as needed when pockets of ants are discovered which are 
not fully asleep. The chunks of wood or other material can then be transferred to 
the ground cloth where the entire nest is collected almost at one's leisure. 

In the case of the forms of Camponotus caryae it is very essential that the 
collecting be done in the late summer or fall or any time from then until the flight 
in early spring, and that the collection from the nest contain all forms from the 
minute minores to the largest majores. We have nests in this group where we are 
positive we have collected all individuals during cool weather in late summer and 
have succeeded in such nests in finding only one or two giant majores among a 
total population of several hundred individuals. These majores arc nearly the 
size of the queen and give an entirely different picture of the species than one in 
which the two or three giant majores have escaped. Such careful collecting of entire 
nests of caryae in Ohio during the last several years has given us an entirely different 
picture of the local species from that obtained before ether was used, when fre¬ 
quently nine-tenths of the individuals of a nest would escape during the collection. 
Thus the use of ether has eliminated two or three suppositions from the Ohio list. 

We find ether equally valuable in collecting ground Formica, Here usually 
much more is required; when we find that we have the nest of an unusual ant, 
particularly in the difficult rufa group, wc pour into the opening of the nest several 
tablespoonfuls of ether and then with a long handled shovel which we always 
carry, proceed to dig the nest to the bottom, carefully etherizing all new parts 
invaded, at least until we find the queen The soil from the nest i-an be shoveled 
onto the ground cloth (3 ft. square or more) and sorted very carefully The error 
in such collecting is then reduced to the field workers which do not arrive during 
the operation. These usually come in just often enough that they can be picked up 
individually espxjcially if the collector knocks them into the dug pit where they 
have difficulty in scrambling out. In such nests the majores, if any, are usually 
in the top of the nest and otherwise would escape very rapidly, as in the case of 
caryae. In many nests the majores are rather few, and very active. Too fre¬ 
quently the minores are a foot or more beneath the surface and are only in the top 
of the nest by accident. We could cite various museum series of type material 
where apparently the collector merely used a hand trowel and collec*ted a dozen 
or so specimens out of the top galleries. From what we know of related species 
there were probably minores of an entirely different size and color in the deeper 
layers of the nest. Etherization permits the collector to take his time and dig to 
the bottom of the nest or until he is sure he has all possible forms and enough 
material to pass specimens to other workers. 

In various species during the pre-swarming period the males will be found 
about the nest opening or, in timber ants, frequently a foot or two above it, and 
may escape the collector because of their extremely nervous activity and their 
location high up instead of below the entrance. 

In ants which inhabit acorns or snail shells we have available in the car or boat 
a basket of hospital urine sample bottles with appropriate round, tight corks—at 
least fifty such bottles. We usually have a student or other helper who carries in 
his pocket several of these bottles and who collects by placing any suspicious 
acorn with wormhole in a bottle which he corks tightly. He delivers the tightly 
corked bottle to the ground cloth where the acorn is removed from the bottle and 
is etherized through the hole before it is opened enough to determine whether it 
contains a nest or not. If it contains no ants it is discarded. If ants arc seen it 
is replaced in the bottle and tightly corked and taken back to the laboratory for 
further study. In this manner instead of getting a few partial nests under one 
acorn tree we have found as many as a half dozen species of ants and are fairly 
certain that we have the entire nest in each case except for the field ants not at home 
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At the laboratoiy, knowixig that tive have ants in eadi bottle bRMq^t in, «e put a 
few drops of ether in each bottle before examination and then empty the bottle 
onto the laboratory table. 

Ether has had less usefulness in lar{;e nests and in neats so placed that it is 
difficult to explore them. In large nests the either would have to be used by tfae 
quart to control the whde nest. I am thihbW of the great mounds of raw dirt 
built by the tree ant, Formica exsocioidec Porel, frequently called the Att^heny 
mound building ant. Under favotaUe conditions, paitkniwly in groves of yellow 
poplar {lAriodendron fuUpifera L.) wlK>se i»andhes harbor vast numboR of honey 
dew producing insects, the mounds will be over forty indies high and six to eight 
feet m diameter. Ether is of li|11e value in such vast odmiies. tlie oduu* type 
of lai^ nest is that made by various varieties of Fonmea rufa across sonthlm 
Catuum in the talus defies of limestone slabs under the cliffs of the geologists* 
Niagra Formation. In such a nest both hands have to be used to turn a slab three 
inches thick and two to three feet in diemeter. Before the ether contained can 
be picked up the ants have dived into the crevices between even laigear stones. 
One is lucky tq ^ture a few dozen out of hundreds in the top chamber under the 
covering riab., Inis is where we wonder how soon inventive genius wQl pro¬ 
duce a pocket sized steam shovel. Only a strip miner has a techmque that could 
open such a nest to the bottom. A third type where ether has httle usefulness is 
in the large Hat nest areas produced in Ohio south of the glaciated area by what 
we class as Formica fusa siilts^ea Say. These nests are areas of raw dirt fre¬ 
quently ten feet in duuneter with dozens or even a hundred or so openings. What 
appears to be the same species builds sim^ar nest areas along ^ sandy shores of 
Mackinac Straits, Mich. In these large nests the tranqxirting powers of the col¬ 
lector do not fit the amount of ether needed nor does the staying powers of the 
ether fit the collecting speed of the forceps wielffing ant srinfont. So for only 
rough estimates on thoroughly etherized fractions of such a nest have to be used 
in population estimates. 

Et^ has lessened value in collecting very minute ^lecies where the nest is a 
series of thread sized galleries in substrate of a color sfomst matdthig that .of the 
ant. I think of Stenamma, Bradiymyrmex, Prooeratium, Ponera and many 
species of Strumigenys. The^ are so small ttot tb^ can eacapt detection when 
they are not moving. They are usually more easily collected when diovelled 
onto a cloth. Here ^y are so slow and nest numbers are so low that few escape. 
If in an acorn or well defined chamber in wood sometimes a drop or two of three 
helps hold them until collected. Leptothorax only slightly larger is so active that 
ether is usually needed, and the same for the vsfy .iast qiecies of Iridomyrmax. 

Our experience with ether is that it does not hriure the ant. On Canadian trips 
we have opened up nests of rare forms of rr^a and ivfaen we found that they were 
within a few daw of the e merg en ce -of the wiened brood from the cocoon, have 
thoroughly ethenied the nest, picking out san^m of the various castes available, 
and have, closed the nest to come bade two weera later to find it as active and eon- 
t«ited as if it had not experienced a laitiy oom|ilofo elhensatfon, Pnrijably anta 
that ether actually struck arere killed, but cate can be talcen not to pour the ether 
directly on masses of ants% We used it ako in audi pnffi^ broods broug^ into 
the laboratory for emergence. We (Uumot find that ethermtion tiriutes either the 
wmkerv broiq^ along to care for-the brood or the bmod itadf. providing that 
ether is not pouted diiectly onto the living ante. Tbie gives one conif^ete oontref 
of living lab^tray Samples. 

We might obs^e in dodng that stur^Hog ants in the field is work and not a 
hdiday or picnic. More and mme randy do wO rnerety eample nesta aad only 
where rve ^1 fairly oertain d»t we osfi return wttiun a. days. The amt 
sampler' merely rnalm trouble for the taxonoforist the mwseum man. Scamoe 
from its nature is thoughtful of others atul Ooopeiative tn itsbetaen- tedsafotses. 
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The Genus Idiodonus was described by BalP in 1936 to include severed s^jedes 
of blunt headed North American leafhoppers. Jas$«s kenuieoUi Uhler was made 
the genotyro. With few exceptions these are tree inhabiting forms. In Mexico 
they have been collected from trees and shrubs all the way bom the low desert 
shrub vegetation near sea level to 12,000 feet elevation from evergreens in some of 
the higher mountain ranges. More species have been found at altitudes of 5,000 
feet or more than at lower elevations. 

Only a few species apparently live at low altitudes. Sckwarizi has been taken 
in the low desert and up to 5,000 feet eievatkm. At 6,000 feet elevations several 
species are found, some of which, vinculus^ daustrus and copvltts for instance, have 
rot been taken at higher elevations. Others such as acus, wickkami, alboetHclus, 
latidens and nigridens are found all the way from 5,000 to 10,000 feet and some even 
higher. A group of species, such as rubdltu, spatvlits, and btcitulus have not been 
found at elevations lower than 7500 feet. Apertus, diserus, goodi, incidus and 
indsurus have been taken only at 8500 feet elevation or higher while tUulus, 
msctdpius and edenttUus have not been taken at elevations of less than 10,000 feet. 
Many of ^ species of this group are definitely alpine in distribution. 

Very little work has previously been done on the Mexican fauna and as a result 
30 of the 35 species treated in this paper are described as new. The largest group 
of related iq3ecie8 is the beUi series. The kmnicoUi group is represented by a few 
species, such as vincidus, spatulus, copulus and apertus. Latidens and bakeri are 
species apparently closely related to terminalis. 

Thamnetettix fasciaticaUis St&l is a si^ies whiq^ is apparently represented in 
this material, but since the description will apply to any one of several species, and 
I have no authentically identified material, I am not able to definitely place the 
name upon any one of the species of this group. 

The genus CModonus was also describe by Ball at the same time as Idiodonus, 
and Thamnotettix coUaris Ball designated as the genotype. No specimens of the 
coUaris-^iUUarius group have been found in Mexico and it is doubtful if these 
can be distinguish^ as a generic ^roup. 

While this is not a con^eted list of the Mexican species it does bring together 
all avuUdile material at this time which has been collected by Dr. Alphonse Dampf, 
Professok of Biology at the Escuela Nacional de Ctencias Btologtcas located at 
Mexico City, D. F., and the material collected by Drs. C. C. Plummer, J. S. Cald- 
wdl, B. B. Good and the writer during two fiw expeditions in numy ecdogical 
haHtats and various areas of Mexico. The authw desires to express his appre- 
cialion to alt of these colleagues for assistance rendered in the field studies.* 

t1],e odor pattern of the head, pronotum and scutellum, are quite distinct and 
uniform and. have proven to be good characters for the separation of species. 
The laat 'nnstral sssmetft! of the female is also quite a good structural character 
for the diariogtdithni^ of species- The male characters in this group have not 
proved tdihe m signillcant taxonomic value. 

, , But. 6oc. 57, im 

/ ^ntanuactit^ type material had been cdleeted in Mexico (1M5) by 

^w« Bal0ek» Hershberger aitd the atrthor. These type deslgttations 

to the appnvpqrlate descHptioniB. 

15 
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The type maternal of all the species described in the following pages is in the 
private collection of the author. 


1 . 


2 . 

3. 

4. 

5 . 

6 . 

7. 

8 . 
9, 

10 . 

11 . 

12 . 

13. 

14. 

15. 


KEY FOR SEPARATION OF SPECIES OR GROUPS BY COLOR PATTERNS 

With black markings on apex or margin of vertex .3 

Without black spots or bands on vertex margin.2 

Yellow, without any markings on vertex and pronotum. craeculuB 

With a row of fused spots just above margin. .JnclBuruB 

Vertex with black spots or a transverse band, often interrupted at middle between the 

anterior margins of eyes ..6 

Vertex without black markings except on margin.4 

Pronotum with a definite pale transverse band across middle or posterior half. 5 

Without a pale transverse bdChd on pronotum. BChwarUi 

Pronotum with a broad transverse band on the posterior half.tuboluft 

Pronotum with a narrow band at middle, curved oonvexly forward. , rubellus spatulatuB 

Usually with an uninterrupted black transverse band between eyes. 7 

Markings usually in the form of broken bands or spots.11 

With conspicuous black spots, some of which are merged, on the entire anterior portion 

of pri^notum. inBCulptiiB 

Without iTOts, often with a black band on anterior portion of pronotum.8 

With a dehnite conspicuous black band on anterior margin of pronotum.9 

With only traces of black markings on central anterior portion of pronotum.cIsthniB 

With a black band on anterior margin of pronotum only. .mexlcanB 

good! tituluB cltUBtruB 

A band on posterior margin or disc as well as one on anterior margin.10 

A distinct Mnd on disc, not close to posterior margin.bicinctoB 

With a distinct band on posterior margin.pravus dampfl acuB 

Black spots irregular and often quite small.13 

Black spots transverse often appearing as portions of broken transverse bands. 12 

Usually a pair of short transverse spots—not an interrupted band, 

copuluB diBenia bakeri latidens pliimmeri 
Appearing more as an interrupted band between eyes, 

ealdwelli wfekhami albocinctuB and TerecimduB 

Spots close to, usually touching eye.14 

Spots not touching eye. .15 

Spots rather small, narrow. Tinculua baameri 

Spots larger, irregular in form.incidut edentultti tturpit«r 

Spots just back of each ocellus rather large, rounded.anademua ezeaTatua 

Spots above ocelli quite small.apertUB nlgridenB 


IdiodottUB Bckwartzi (Ball.) 

ThamnoUix sckivartzi (Ball) Canadian Entomologist 43: 197, 1911. 

A broad headed species with margins almost parallel. Length female 5.5 mm. 

Vertex broadly rounded, twice as wide between eyes at base as median length. 

Color: Vertex white with red ocelli and a pair of small black spots on anterior margin about 
equidistant from each other and the eyes. A pale yellowish band extending between eyes across 
the basal portion, Pronotum dull gray tinted with yellow on anterior margin. Scutellum with 
the baa^l angles fulvous, median portion white, tinted with yellow. Elytra whitish subhyaline. 
Claval veins white. Veins on the disc brown. Pace and beneath creamy. 

Genitalia: Female last ventral segment with posterior margin produced and sinuate, slightly 
indented at center forming two broad slightly produced lobes either side of middle. 

Specimens have been collected at Saltillo, Coah., Mexico, elevation 5000 ft., June 10, 1931 
(M. P. 2058); Montemorelos, N. Leon, Mexico, elevation 1500 ft., June 3, 1930 (M. P. 2023) and 
Hacienda Fresno, Coah*, Mexico, (M. B. 328) by Dr. A. Dampf, One specimen apparently 
belonging to this species was collected from desert shrubs north of Monterrey, N. Leon, devation 
1700 ft., September 22, 1941, by Good, Caldwdl and DcLong, 

IdiodontiB apertUB n. sp. 

Resembling sekwarisi in general form and appearance but with distinct color markingB and 
female genitalia. Length 5 mm. 

Vertex bluntly produced almost twice as broad between eyes at base as median length. 
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Color: Vertex white, ocelli orange, two round black proximal Bpots at apex and a small 
brownish spot behind each ocellus on disc. Pronotum dull brown, a conspicuous pale transverse 
band across the disc marked with scattered flecks of reddish pigment. Scutellum creamy white, 
basal angles fulvous. Elytra grayish, subhyaline, claval veins white. Veins on the cormm 
dark. Face pale, sutures and faint markings of arcs brownish, beneath pale marked with brown. 
Ovipositor brown. 

Genitalia* Female last ventral segment with the lateral margins rounded to a produced 
tooth either side of a deep, squarely excavated median third extending more than one-third the 
distance to the base and which bears a broad sunken median spatulate process extending almost 
to the posterior margin of the segment. 

Holotype female collected at Puebla, Pue., Mexico, elevation 8500 ft., Cktober 18, 1041, 
(K-78) by Plummer, Caldwell, Good and DeLong. 

Miodonua nibellua n. sp 

Resembling osborni in general appearance but with different color markings Length 
5.5 mm. 

Vertex broadly rounded, almost parallel margined, more than twic-e as wide between 
eyes at base as median length. 

Color: Vertex creamy white tinted with orange, ocelli red with a pair of rather small round 
black spots at apex. Vertex, pronotum and scutellum with numerous red flecks. Pronotum 
dull brown washed with yellow, with a narrow inconspicuous pale median transverse band 
Scutellum orange brown with a black impres.sed transverse median line, narrowly white margined 
on either side at middle. Elytra brown subhyaline. Veins and claval suture narrowly white. 
Veins on anterior portion of the wing inconspicuous. Face creamy, rather heavily flecked 
with red. 

Genitalia: Female last ventral segment with the lateral angles produced, between which 
the posterior margin is deeply concavely excavated either side of a median rather broad spatulate 
process which does not extend to the lateral angles and is slightly notched at apex. 

Holotype female collected at Mexico City, D. F., Mexico, elevation 7500 ft., September 1, 
1939, by the author 

Idlodonus vinculut n. sp. 

Resembling kennicotti in form and general appe^irance but with different vo\or markings. 
Length 6 mm. 

Vertex broad and blunt only slightly produced, about two and one-third times as broad 
between eyes at base as median length. 

Color: Vertex yellow with a pair of round black spots at apex In male there is a narrow 
brown transverse band between the anterior margins of the eyes. In female the ends of the 
band are marked with a black s|X)t the central fxirtion of which is reddish brov^Tt. Pronotum dark 
brown with a median white transverse band, and a narrow band along posterior margin. Scutellum 
reddish brown with a median transverse impressed black line, margins on posterior half, nar¬ 
rowly white. Elytra dark brown subhyaline, veins paler. Face yellow. 

Genitalia: Female last ventral segment with produced lateral angles, between winch the 
posterior margin is rather deeply excavated either side of a broad median produced tooth half 
the width of segment which is shallowly notched at apex. Male plates tnangular, elongate, 
tapered frbm base to long pointed apices. 

Holotype female collected at Jacala, Hgo., Mexico, elevation 5000 ft., September 20, 1941. 
Allotype male taken on Acd'pulco Road, Mexico, November 22, 1938. Both t'oUected by Cald¬ 
well, Good and DeLong. Also paratype females roll<H:ted at Mexico City, September 26, 1945, 
elevation 8500 ft. and at lC-287 Jalapa Rd., October 14, 1945, elevation 7000 ft, by Shaw, Elliott, 
Hershberger and DeLong. 

Idiodonua spatuiatos n. sp. 

Resembling vinculus in form and color but female with a 8t>^itulate last' ventral segment. 
Length 6-6 mm. 
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Vertex broadly, roundedly produced, ttaore than twice as wide between ^es at base as 
median length. 

Color: Vertex yellow with minute red flecks, a pair of round blade spots at apex. In the 
male there is a narrow interrupted transverse brown band between the anterior mar gins of the 
eyes. Pronotum brown, darker on posterior two^thirds, a narrow white transverse band across 
middle. Scutellum orange, a median impressed dark transverse line and matgins of posterior 
];>orti^ white. Elytra dark brown, subhyaline, veins paler. 

Genitalia; Female last ventral segment with produced angles, between which the posterior 
margin is angularly excavated almost halfway to the base either side of a broad spatulate median 
process, the apex of which does not extend to the lateral angles of segment, Male plates 
elongate, triangular, apices long, tapered- 

Holotype female and allotype male collected at Mexico City, D. F., Mexico, elevatkm 7600 
ft., S^tember 1, 1039, from shrubs by Plummer and DeLong. Paratype females collected at 
Mexico City, September 26, 1945, elevation 8500 ft., by DeLong, Hershberger and Elliott. 

Idiodonua copulus n. sp. 

Resembling^in general form but with a narrower head and distinct coloration. 
Length, female 6*6 mm. 

Vertex broadly rounded, almost parallel margined, more than twice as broad between the 
eyes as median length. 

Color: Vertex white, ocelli red, two large round black proximal spots at apex, a triangular 
black spot just behind each cK^ellus, a broad orange brown transverse b^d between eyes at base. 
Pronotum dark brown with a median transverse white band. Scutellum, basal half orange 
brown. Median transverse impressed dark line from which a dark brown elongated spot extends 
to the margin either side of apex, posterior half white. Elytra smoky subhyaline. Veins of the 
clavus white. Veins anterior to the claval suture black. Face pale with black sutures and con¬ 
spicuous dark brown arcs which fuse in a line either side of middle. 

Genitalia: Female last ventral segment long, strongly, angularly produced from the lateral 
angles to form a pair of rather broad blunt teeth either side of a short V-shaped median notch. 

Holotype female collected at Carapan, Mich., Mexico, elevation 6000 ft., (K-432) October 2, 
1941, by Caldwell, Plummer, Good and DeLong. Paratype female taken at Taxco, Gro., 
Mexico, elevation 6700 ft.. (M. F. 1654) December 23,1929, by Dr. Dampf; and at K-287 Jalapa 
Rd,, October 14, 1945, elevation 7000 ft., by Shaw, DeLong, Hershberger and Elliott. 

Idiodonns caldweUI n. sp. 

Resembling apsrftcs in general form but with more produced head, distinct coloration and 
genital characters. L&igth 4.5 to 5.6 mm. 

Vertex bluntly produced, almost twice as wide between eyes at base as median length. 

Color: Vertex orange ydlow with two round black spots at apex and a transverse dark 
brown bend near base, interrupted at the middle, and witb the portion next to the eyes curved 
posteriorly. Pronotum orange yeUow with a naxrow anterior black rnargin and the posterior 
discal portion brownish. Scutellum orange yellow teith semi-drcular blade spots on the basal 
angles. Elytra smoky and subhyaUne. Claval veins yellow, claval suture broadly orange 
yellow and the veins anterior to the claval suture black, Pace yellow with sutures and remnants 
of several pairs of arcs, brown. 

Genit^a: Female last ventral s^ment convexly rounded to form prominent blunt teeth 
between whkb there is a de^ narrow rounded eixcavation either side of a broad median blunt 
spatulate process which does not extend quite to the posterior margin of the teeth on dther side. 
Male plates triangular, convexly rounded to elongnte pointed apices, 

Holotype female collected at Jacala, Hgo., Mexioo, elevation 6009 ft., September 26, 1941, 
by Caldwell, Good and DeLong. AUotj^ male from Oaxaca, Oax., Mexico, collected June 10, 
1935 (M. F.-6196) bylDr. Dampf. Paratype males and females from Chilpancingo, Gro., Mexico, 
elevation 4500 ft., October 25, 1941; Iguala, Gtck, Mmdooj devatson 29^ ft., Ootobm* 25* |941; 
Puento de Ixtla, Mor., Mexico, October 21, 1941; Vruapan, Mkh., Mexico, elevatirm 5Cr0 ft,, 
October 1, 1941; Tuxpan, Mich., Mexico, elevation ^100 ft., October 5, 1941; Zitaeparo, 
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Mexioo, dervtttjon 6700 ft., S^tember 20, 1041; Carapan, Mich., Mexico, elevation 5000 ft., 
September 30, 1041; Taxco, Oro., Mexico, elevation 5700 ft., October 2fl, 1941, and Cuernavaca, 
Mar., Mexico, devation 4900 ft., September 8, 1939, collected by Plummer, Caldwell, Good and 
DeLong. 1 take pleasure in dedicating this species to Dr. J. S. Caldwell. 

Idiodonue beamerl Ball. 

Idiodonus heameri Ball. Bull. Brookl>n £nt. Soc. 32 :28, 1937. 

A blunt headed species with an irregular row of black spots along vertex margin. Length 
5.5 nun. 

Vertex bluntly prodwed, almost paralld margined, twice as wide between eyes at base as 
median length. 

Color: Vertex brown with a pair of large round proximal spots at apex. An elongated 
triangular black spot eith^ side next ocellus which tapers to a point just above the apical spots. 
A quadrate spot just below ocellus between eye and ocellus another next each eye above ocellus. 
Pronotum dark brown. Scutellum yellow, basal angles brown, a heavy impressed brown cross 
on posterior half. Elytra brownish subhyaline, veins pale on ckvus, dark brown on corium, 
costa broadly white. Face ydlow. 

Genitalia: Female last ventral segment almost truncate with a narrow V-shaped notch at 
middle reaching one-third the distance to base. Male plates elongate, roundingly narrowed to 
form long filamentous apices. 

Specimens df this .species were collected at Uniapan, Mich., Mexico, elevation 5500 ft., 
October I, 1941; Carapan, Mich., Mexico, elevation 5000 ft., October 2, 1941; Puebla, Pue., 
Mexico, devation 8500 ft., October 18, 1041; Zimapan, Hgo., Mexico, elevation 6000 ft., Sep¬ 
tember 26, 1941; Zitacuaro, Mich., Mexico, elevation 6700 ft., October 5, 1941, and La Guarda, 
D. F., Mexico, desvation 9800 ft,, October 26, 1941 All specimens were collected from pine by 
Plummer, Good, Caldwell and DeLong. In 1945 numerous specimens were collected at Deserto 
des Leones, D. F., in October: at Crux Blanca, Vera, in October and at Rio Frio, D. F., in October 
by Shaw, DeLong, Hershberger and Elliott. 

Idiodonui wickhami Ball. 

Idiodonus wickhami Ball. Bull. Brooklyn £nt. Soc. 32 127, 1937. 

A blunt headed species with red flecks on vertex, pronotum and d)rtra, with conspicuous 
black marks. Lei^h 4 to 4.5 mm. 

Vertex producedi bluntly angled, about twice as wide at base as median length. 

Color quite variaWc. In wdl marked specimens the red flecJcs are conspicuous in the color 
pattern but may be entirdy wanting. Vertex with a pair of donga ted black spots at apex on 
margin, a median quadrate block spot just above these. A pair of black spots just beneath each 
ocdlus and a rather narrow transverse black band just above ocdli between the anterior margins 
of the eyes which is slightly interrupted at the middle. Pronotum with a round, black spot 
behind each eye on anterior matgin and irregular black mottling. Scutdlum pale, with a pair 
of elongate median spots just back of pronotum, and a transverse black line on middle. Elytra 
pale, tinted with fuecus. Veins pale, often with rows of reddish flecks and darker pigment on 
veins. Pace ydlowish, heavily marked with broad dark arcs which arc fused either side of 
ipedtan line and with black marginal sutures. 

Gei^italia: Female last ventral segment with the posterior margin oonvexly rounded from 
lateral matgid and rinuatc. Male plates elongate, triangular, ooncavely rounded to rather long 
acut^y pointed apiees. ^ 

Tius species is ve^ common in the high altitude area and has been collected at Mt. Popo, 
MexioOr elwtkra 11509 ft., September 28, 1941; Mexico City, D. F., Mexico, elevation 7600 ft.. 
S^tember I, 1939; S^tember 16,1923; La Guarda, D. F., Mexico, elevation 8500 ft., September 
5, 1989; Chapingo, D. F., Mexico, elevation 9909 (t., March 31, 1924; Tlalpam, D. F.. Mexico, 
September 16, lOtt; Zitacuaatt), Mich., Mexico, elevation 6700 ft,, September 29, 1941; Carapan, 
Mich., Mexica, elevation 5000 ft., Optober 2. 1941; Toluca, D, F„ Mexico, elevation 9700 ft., 
September 29,1941; Puefa^, pue., Mexico, elevation 8500 ft., October 18, 1941; Rio Frio, D. P., 
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Mexico, elevation 10300 ft., October 7, 1041; Zacapu, Mich., Mexico, elevation 0500 ft., October 
4, 1041. Collected by A. Dampf, Caldwell, Plummer, Go(^ and DeLong. 

Idiodonua belli (XJhler) 

Jassus beUi Uhler. U, S. Geological and Geographical Survey of the Territories Bulletin, 3 :471, 
1877, 

A blunt headed yellowish species with black markings. Length 5 mm. 

Vertex bluntly angled, rounded at apex, almost twice as broad at base as median length. 

Color: Ydlow with black markings. Vertex with a pair of round black proximal spots on 
margin at apex. A transverse black bond between the anterior portion of the eyes which is 
enlarged at each end next the eye. fronotum yellow, the anterior margin broadly marked 
with black, a narrow black margin posteriorly. Scutellum yellow with a T-shaped black mark¬ 
ing on the posterior half. Elytra subhyaline, veins bright yellow. Pace yellow, with the 
sutures, antennal pits and portions of the arcs on the face black. Beneath, thorax black, 
abdomen yellow with a black ovipositor. 

Genitalia:, Pemale last ventral segment almost truncate with a short narrow median 
incision. Male plates rather short, convexly rounded to blunt apices. Pygofer extended the 
length of the plates beyond their apices. 

This is the common species of this group found in the Rocky Mountain area of the United 
States, no specimens which agree with this species have been taken in Mexico. 

Idiodonua claustrua n. sp. 

Resembling belli in general appearance but with more produced head, distinct markings and 
genitalia. Length, female 4.5 mm. 

Vertex produced, bluntly angled, less than twice a.s wide between eyes at base as median 
length. 

Color: Vertex yellow with two large black spots at apex and a rather large spot beneath 
each ocellus, a broad black transverse band between the anterior portions of the eyes which is 
enlarged and curves basally at each end. Pronotum yellow, tinged with green, with a rather 
broad black anterior margin and some brownish markings on the disc. Scutellum yellow, black- 
margined anteriorly. A large T-shaped marking on the posterior half. Elytra black,, sub¬ 
hyaline. The veins broadly conspicuously marked with yellow. Pace yellow, sutures black, 
faint traces of black arcs on either side. 

Genitalia: Female last ventral segment with the lateral margins broadly rounding to 
posterior margin which is slightly concave with a median, short, rather narrow, semi-circular 
excavation which is broadly block margined. Male plates small, triangular, elongate with 
pointed apices. 

Holotype female collected at Orizaba, Ver., Mexico, elevation 4000 ft., October 17, 1941, by 
Pliunmcr, Caldwell, Good and DeLong. Allotype male and paratype male collected at Las 
Coscfi, Chiapas, Mexico, August 12, 1926, by Dr. Dampf. Paratype females were collected 
at Cruz Blunca, Vera., October 13, 1945, elevation 7000 ft,, by Shaw, Hershberger, DeLong 
and BlUott.t 


Idiodonua bidnetui n. sp. 

Resembling belli in general appearance and coloration but smaller and with different 
markings. Female 4 mm. 

Vertex produced forming a blunt apex, about one-third broader at base than median length. 

Color: Vertex yellow with a pair of large round black spots at apex and a minute black 
spot just beneath each ocellus. A broad black transverse band between the anterior margins of 
the eyes. Pronotum yellow with two black transverse bands, one is on the anterior margin of the 
pronotum, another on the posterior portion of the disc which does not extend to the latwal mar¬ 
gins, giving the appearance of two black and two yellow bands. Scutellum yellow with a narrow 
basal black broken band and a rather conspicuous T-shaped black marking oft the posterior 
portion. Elytra black subhyaHae, vems conspicuously yellow except on costal and apical 
portion. Face yellowish with eutures and portions of arcs on face black. 
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Genitalia; Female last ventral segment with posterior margin bluntly, slightly concave, 
with a shallow narrow median notch. Median portion of segment black margined, giving the 
appearance of a deeper excavation. 

Holotype female collected at Mexico City, D. P., Mexico, elevation 7500 ft., S^ember 18, 
1939, by the author, Paratype female, Mexico City, D. P., Mexico, June 18, 1924, collected 
by Dr. Dampf (M, B. 92). 

Idlodomte dampil n. sp. 

Resembling bM in general appearance but with different color markings and distinct female 
genitalia. Length 4.5 mm. 

Vertex blunt, almost twice as long*at base as median length. 

Color: Vertex creamy yellow, with a pair of large round black spots at apex and a smaller 
spot each dlde beneath the ocellus, A broad transverse black band between the anterior portions 
of the eyes, the posterior portion tinted with pale brown. Pronotum yellowish with a black 
band on anteiior margin shading to brown on the disc and a narrow black band on the posterior 
margin. Scutellw pale brownish with a rather faint inconspicuous T-shaped mark on the 
posterior half. Smoky to blackish hyaline with pale veins. Pace pale brownish, sutures con¬ 
spicuously black, portions of dark arcs on upper half of face. 

Genitalia; Female last ventral segment strongly produced forming a narrow conspicuous 
rounded tooth either side of a square shaped median excavation which is truncated at the base 
and black margined. Male plates broad at base gradually tapered to acutdy pointed apices. 

Holot 3 rpe female collected at Cordoba, Vera Crux, Mexico, deration 8000 ft., November 19, 
1930, by 1^ A. Dampf (M. P. 1962), Allot 3 rpe male collected at Bdla Vista, Mexico, Septem¬ 
ber 17, 1988, by Dr. Dampf (M. B. 366). Paratype males collected at Coeomatepec, Ver., 
Mexico, November 30, 1924, (M. B. 108) and at Chapingo, D. F., Mexico, devataon 9900 ft., 
November, 1924, by Dr. Dampf. I take pleasure in naming this gpedes for Dr. Dampf who is 
interested in a thorough study oi the Mexkssn fauna and has spent a great amount of time in the 
fidd collecting and studying insect material. Paratype females collected on the Mordia Rd. at 
the borders of Mexico and Michocan on September 38, 1945, elevation 9200 ft., by Plummer, 
DeLong, Hershberger and Elliott. 

Idiodoiatis verecusdiia n. sp. 

Resembling belU in general appearance and coloration but with a more angularly produced 
vertex and distinct female genitalia. Length 4.6 to 5 num 

Vertex strongly produced and angled, one-third wider at base than median length. 

Color: Two large black spots at ai>ex of vertex with a narrow pale portion between them. 
A rather conspicuous black sp^ beneath each ocellus, a rather broad black transverse spot each 
side between the anterior portions of the ^es which is narrowed on the disc and does not extend 
to the middle. Pronotum narrowly black margined anteriorly. Disc tinted with brown. 
Posterior margin dark brown forming a narrow pale band parall4 to and not far distant from 
posterior margin. Scutellum pale brown with slight btaOk maridngs cm the basal angles, a 
T-shaped black mark on the posterior half. Elytra dark brown to black with pale veins. Face 
heavily marked with black or dark brown on sutures and arcs, beneath blade or dark brown. 

Genitalia: Female last ventral sagstient roundingly produced to median fifth which is 
shallowly, squarely, abruptly excavated atxmt one-sixth the distance to the base. 

Holotype female collected at La Guarda D. F«i Mexko, elevation 9800 ft., October 26, 
1941, (K-40), from pine by Good and DeLons* * Allotype nude and female paratypes coUected 
from pine on the Morelia Rd. at the border between the states of Mexico and Michocan, Sep- 
tember 28, 1945, by Plummer, Elliott, Hershberger and DeLong. Paratype mate and females 
collected from pine at Rio Frio, D. F., October 18, 1946, devation 9600 ft., by Herehberger, 
Elliott and DeLong. 


IdiedottUfl gene n. sp. 

Resembling belli in general Coloration but with an an^tarly produced vertex and distinct 
genitalia. Ler^th 4.5 to 6 mm. ' 
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Vertex angularly produced, about one-third wider between eyes at base than median lengthy 
Vertex distinctly pointed. 

Color: Vertex white with a pair of large round black spots at apex. A rather broad, sinuate, 
black transverse band between the anterior margins of the eyes, posterior portion tinged with 
orange. Pronotum broadly black margined anteriorly, narrowly margined with black posteriorly, 
forming a broad transverse white band on posterior half which is bordered with orange 
anteriorly, Scutellum orange with a T-shaped black mark on the posterior half. Elytra smoky 
siibhyaline, veins pale, costal margin appearing white. Pace pale tinted with fuscous, with dark 
brown or black portions of arcs either side with sutures dark. 

Genitalia; Female last ventral segment strongly produced from short lateral margins to a 
rather narrow rounded lobe either side^of an excavation which bears a short round black tooth 
which does not extend to the posterior margin of the lobes. Male plates triangular, elongate 
with produced narrow apices. 

Holotype female, allotype male and male and female paratypes collected at Rio Frio, D. P., 
Mexico, elevation 10300 ft., October 7 and 18, 1041; paratype'male from Cuernavaca, Mor., 
Mexico, elevation 5000 ft., October 21, 1941. All material collected by Caldwell, Good, 
Plummer and Del/>ng. In 1945 paratype males and females were collected in forest areas of 
pine and fir from undergrowth at Deserto des Leones, D. F., on October 9 and 17 at elevations 
of 9600 ft., by Hershberger, DeLong and Elliott, 

Idiodonua albodnctut n. sp. 

A blunt headed species closely related to the beUi group. Length 5.5 mm. 

Vertex bluntly angled, less than twice as wide between eyes at base as median length. 

Color: Vertex creamy white with a pair of large round black proximal spots at base. A 
very small black spot just beneath each ocellus. A transverse black band between the anterior 
margins of the eyes. This is slightly produced and sometimes interrupted at middle. Pronotum 
with a narrow black margin anteriorly, the anterior half and the postenor margin fulvous form¬ 
ing a rather broad pale transverse band across the posterior portion. Scutellum fulvous, a dark 
impressed transverse line across the middle. Elytra dark, smoky to black, with pale veins, face 
beneath creamy white with arcs and sutures dark. 

Genitalia: Female last ventral segment strongly produced from lateral margins fortping a 
rounded, rather narrow, produced lobe either side of a median broad shallow square excavation, 
almost truncate at apex and black margined. Male plates elongate, triangular, tapered to 
long acute tips. 

Holotype female and allotype male collected at Deserto de los Leones, D. F., Mexico, eleva¬ 
tion 9000 ft., July 11, 1924, (M. B.-72) by Dr. Dampf; Paratype males and females from Jacala, 
Hgo,, Mexico, elevation 5000 ft., September 26, 1941; Carapan, Mich., Mexico, elevation 5000 
ft., October 2, 1941, collected by Caldwell, Plummer, Good and DeLong. Paratype female from 
Chapingo, D. F., Mexico, elevation 9900 ft., June 11, 1924, (M. F.-196) by Dr. Dampf. 

Idiodonus tubulus n. sp. 

Resembling albocinctus in form and general appearance but without the black band on the 
vertex and with distinct female genitalia. Length 4.5 znm. 

Vertex bluntly angled, twice as wide between eyes at base as median length. 

Color: Vertex white with a pair of rather small dark brown spots at apex, the posterior half 
orange in the form of an irregular band between the eyes at base. Pronotum, anterior half pale 
brown, posterior portion white with a narrow, brown, posterior, marghial line, Scutellum pale 
brownish with a median transverse impressed dark line. Elytra pale brown subbyaline, Veins 
pale, face creamy tinted with fuscous, only faint traces of the arcs on either side. 

Genitalia: Female last ventral 8^:ment rather short with posterior margins slightly pro¬ 
duced to form a short blunt tooth either side of a broad shallow excavatkm which is i^htly 
notched at the middle, forming what appears to be a pair of inconspicuous rounded sunken 
teeth. Male plates triangular, elongate, apices pointed. 

Holotype female and paratype males and females collected at Chapingo, D. F., M^co, 
elevation 9^ ft., November 25, 1924, by Dr. A. Dampf. Allotype male and mole and female 
paratypes collected at Penon Marque*, D. F„ Mexico, March 3, 19^, by Dr, Dampf. 
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Ventral view of last ventral segments of females of Mexican species of Idiodonus. 
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Idlodoaua pnmtB n. ep. 

Resembling atbodnctus in form and general appearance but smaller and with distinct female 
genitalia. Length 4.5-^ mm. 

Vertex bluntly angled, almost twice as wide between the eyes at base as median length. 

Color: Vertex pale yellow with a peur of round black proximal spots at apex. A black spot 
beneath each ocellus. A rather narrow black band between the anterior matgins of the eyes. 
FYonotutn anteriorly and posteriorly maigined with black; the anterior third dark t»own; the 
posterior two-thirds yellow tinted with green. Scutellum fulvous with a median impressed 
transverse Hne. Elytra dark brown to black, veins pale, costal margin hyaline. Face yellowish 
tinted with brown, the sutures and portions oi arcs brown. 

Genitalia: Female last ventral segment concavdy rounded from short lateral margins 
forming rather broad rounded lobes either side of a broad median excavation which extends more 
than one-third the distance to base and is broadly dark margined at the apex giving the 
appearance of a deeper notch. 

Holotype female collected at Zitacuaro, Mich., Mexico, elevation 5700 ft., September 29, 
1941. Paratype female from Carapan, Mich., Mexico, elevation 5000 ft., October 2, 1941. 
Both collected by Plummer, Caldwell, Good and DeLong. 

Idiodoniifl disenis n. sp. 

Resembling albocinctus in form and general appearance but with the transverse band 
replaced by a pair of transverse markings one on each side of vertex and with distinct female 
genitalia. Length 4.5 to 5 mm. 

Vertex bluntly angled twice as long between eyes at base as median length. 

Color: Vertex creamy white with a pair of rather large black spots at apex and a broad 
black dash either side of middle between eyes but not extending to eyes. Pronotum yellow 
tinged with green, a narrow black border both anteriorly and posteriorly. Scutellum yellow, 
bordered with black anteriorly with a median transverse impressed black mark. Elytra smoky, 
subhyaline with yellow veins. Face creamy udiite, sutures black, traces of brown arcs on each 
side of middle. 

Genitalia: Female last ventral segment with lateral margins very short, posterior margins 
sloping to form a blunt lobe either side of a broad shallow excavation which is slightly notched 
at middle. The central apical portion heavily marked with brown, giving it the appearance of a 
deeper incision. Male plates triangular, rather broad at base with narrow pointed apices. 

Holotype female collected at Chapingo, D. F., Mexico, elevation 9000 ft., June 18, 1929 
(M. F. 210), male allotype and paratype males from the same locality collected March 17, 1924, 
by Dr. A. Daxnpf. Faratype male from Puebla^ Pue„ Mexico, elevation 8600 ft., October 18, 
1941, collected by Plummer, Caldwell, Good and DeLong. 

I^Bodomie tituhie n. sp. 

Resembling belli in color pattern but a blunt headed, narrow, wedge-shaped species with 
distinct g^ialia. Length 4.5 mm.‘ 

Vertex scarcely produced, broad, rounded, more thap twice as wide between eyes at base as 
median length. Elytra long and namm. 

Cokir: Vertex bright yellow wiUi two large round proximal ^ts at apex. A rather large, 
black spot just b«ieath each ocellus next the eye. A broad black band between the anterior 
portions of the eyes which is bent basally at ea^ end. Prohotum dull brown, black margined 
anteriorly. Scutellum yellow with the basal angles, median basal spot and a T-shaped mark on 
the postwar half fused so as to form a heavy black marking, leaving only two yellow spots on 
the disc and the apical margin pale in color. Elytra black Except the broad hyaHne costal margin, 
veina yellow, face InHight yellow without markings. 

GenitaHa: Male plates rather broad at base, convexty rounded to acutely pointed apices. 

Holotype male cc^ectud at Mexico City, D. F>, Mddoo, 42 miometers south, at an dev&tion 
of 10,00d ft, September 5,1289, by Plummer and DeLong. Allotype female and male paratypes 
collected at Crus Blanca, Vera, October 13, 1945, elecvati^ 7QD0 ft Female pamtypes were also 
collected at Deserto dee Leones, 0. P., October It, 1945, Wtevation 9009 ft., ^ Rio Frio, D. Jf., 
October IS, 1946, elevation 9600 ft., by Shaw, DeLong, Hershberger and BlHott 
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Idlodonus inicttlptus n, sp. 

A broftd blunt headed species with distinct dark tnarks on the antenor portion of the pro- 
notum and BCtitellum. Length 6 mxn. 

Vertex broadly rounded, more than two and one-hall times as broad as long. 

Ccdor; Vertex pale yellow with two elongated spots on margin extending between ocelli and 
fused $0 as to leave only a minute white spot at apex, the ends of the band extending beneath 
ocelli and fused with a spot below ocellus on each side. A broad black band touching the ocelli 
cm each side extends transversely between anterior half of the eyes. This is sometimes inter¬ 
rupted at middle forming a black transverse spot at each eye. Pronotum y^lowish, anteriorly^ 
conspicuously marked with black spots, those along anterior margin are fused. The pair at the 
anteriorr center of the disc are rounded and are not fused with the other markings, posterior half 
marked with brownish pigment. Scutellum yellowish, anterior portion of basal angles marked 
with black spots. Two round black spots on the anterior portion of the disc and a heavy 
T-shaped mark on the posterior half. Elytra smoky subhyaline except the broad pale costal 
portion; veins yellow. Pace pale yellow heavily marked with black, especially along the 
sutures, and black arcs of face which are fused on either side next to the ciypeus and extend 
across the face just beneath the vertex. 

Genitalia: Female last ventral segment with rather short lateral markings, the posterior 
margin sloping to a truncate position on median half which is rather dee{)ly narrowly excavated. 
About one-third the distance to base the caudal margins are rounded to iwsterior margin. The 
excavation is broadly dark margined. Male plates triangular, elongate, apices pointed. 

Holotype female, allotype male and male and female paratypes collected from pine at 
La Guarda, D. F., Mexico, (K. 40-43) at an elevation of more than 10,000 ft.. September 5, 1039, 
and October 26, 1941, by Plummer, Good and DeLong. 

Idiodonus edentulua n. sp. 

A blunt narrow headed species with four conspicuous black spots on vertex. Length 6.6 mm. 

Vertex bhuitly produced and rounded, twice as broad between eyes at base as median length. 

Color; Vertex pale ydlow. Disk tinted with orangf. A pair of large proximal quadrate 
black spots at apex. A black spot just beneath each ocdlus. A minute brown spot at middle 
just above apical spots. A large quadrate black spot next each eye above ocellus with an 
elongated portion extending basally. Pronotum dull brown with a few black markings along 
the anterior margin. Scutellum ydlowish with a modified T-shaped black spot on basal half. 
Elytra smoky, subhyaline, claval portion and costal margin paler. Veins pale yellow. Face 
yellow with portions of the arcs rather faint in color. 

Genitalia: Female last ventral segment roundedly produced to posterior margin which is 
broadly, convexly rounded either side of a broad excavation which is narrowed and truncated at 
apex and extends about one-third the distance to base. Median half of the last ventral segment 
broadly daric margined. 

Holotype female and paratype females collected at Rio Frio, D. P., Mexico, elevation 10300 
ft,, October 7, 1941, and September 22, 1941, respectively, by Plummer, Caldwell, Good and 
Z>eLong. 

Idaodoiiua ptummeri n. sp. 

ReeembUng cdldwelK in genearal form but with entirely different coloration and genitalia. 
Length fi to 5^6 mm. 

Vertex prixfuoed aiitd blbntly angled, more than one-third wider between eyes at base than 
mediian lehgth. 

Color; Vertex creamy white with a pair of large black proximal spots at apex. These 
appear to almost fuee on their inner basal maigins. A pair of elongate quadrate spots broadened 

to the ey« form the ends of an interrupted band between the anterior portions of the eyes. 
The eentral portikm of the band is orange in color. The curvature of the posterior margins of the 
Idiots aft ojpeir and the anterior maigins of the two quadrate spots give the appearance of portiems 
df two oooOehtfio bkdt ri«^. Pronotum dark Imwn with a median transverse white band. 
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The ant^or margin is black and there are transverse black markings on the posterior half. 
Scutdlum orange brown on anterior half, white on posterior half except for the triangular black 
mark on the median portion. Claval suture broadly white, claval veins pale, veins of the corium 
black, interrupted by white spots. Face creamy white with black sutures and black portions of 
arcs on either side. 

Genitalia: Female last ventral segment rather long with posterior margin slightly produced 
to form a broad median tooth which is slightly notched at the middle. 

Holotype female and para type female collected at Rio Frio, D. F., Mexico, elevation 10300 
ft., October 18, 1941, and September 22, 1941, respectively by Plummer, Good, Caldwell and 
DeLong. Paratype female from Tres Cumbres, D. F., Mexico, elevation 9100 ft., October 21, 
1941 (K-52) collected by Good and DeLong. 

Idlodonus latldena n. sp. 

Resembling plummeri in general appearance but more narrow, with a more produced head, 
distinct coloration and genitalia. Length 5 mm. 

Vertex angularly produced and bluntly pointed, about one-third wider between the eyes 
than median length. 

Color: Vertex white with red flecks, with two round black spots at apex. A pair of short 
broad transverse spots between anterior portions of eyes. These are located next to each eye 
and extend about one-half way to the median line. Posterior portion of vertex washed with 
pale brown. Pronotum darker brown with a median transverse white band which is bordered 
irregularly with dark brown. Scutelliun pale brown on anterior half. Posterior portion creamy 
yellow with a yellow transverse impressed line at the end of which the black siK)t extends to the 
margin either side of apices. Elytra brown, subhyaline, claval suture broadly white, costal 
margin broadly whitish hyaline, bordered posteriorly by a heavy brown line which extends from 
base to apex of elytron. Face pale, washed with pale brown, sutures black, traces of black arc's 
either side. 

Genitalia: Female last ventral segment rather short, broadly rounded from lateral margin 
to posterior margin which is truncated on median half with a narrow excavation extending about 
one-fourth the distance to base either side of a broad median spatulate process which extends to 
about the posterior maigin. Male plates rather long and narrow, triangular, concavely rounded 
to pointed apices. 

Holotype f^ale, allotype male and male and female paratypes collected at Zitacuaro, 
Mich., Mexico, elevation 6700 ft., September 29, 1941. Female paratypes from Mexico City, 
D. F., Mexico, elevation 7500 ft., September 1, 1939; Carapan, Mich., Mexico, elevation 5000 ft., 
October 2, 1941, were collected by Caldwdl, Good, Plummer and DeLong. Paratype male 
from Chapultepec Hts., D. F., Mexico, elevation 8000 ft., Fenruary 16, 1926 (M. B. 150) col¬ 
lected by Dr. Dampf. 


Idiodonus bokeri n. sp. 

Resembling ^ummeri in coloration and general appearance but with a more angled vertex. 
Length 5 mm. 

Vertex angled and bluntly pointed, about one-fourth wider between eyes at base than median 
length. 

Color: Vertex white with a pair of large black spots at apex, sloping inwardly above and 
almost touching. A pair of elongate transverse spots, one just back of ocellus on either side 
extending one-half of the distance between eyes. The central interrupted portion of the band 
is a reddish brown color. Pronotum brown with a black spot behind each eye, a transverse band 
across middle and a marginal narrow band on posterior margin. Scutellum brown on anterior 
portion, a brownish triangular spot on middle of posterior half, white margined on each side. 
Elytra brown. Veins white on claval area^ claval suture broadly white, costal margin white, 
veins of corium alternately marked with brown and white. Face white, sutures black, arcs of 
face either side black. 

Genitalia: Female last ventral segment slightly excavated either side of a broad median 
tooth which is rather ^ort and slij^Uy notched at the middle. 
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Holotype female collected at Deserto de los Leones, D. F., Mexico, elevation 9200 ft., 
September 23, 1923, by Dr. A. Dampf. Paratype females from same locality December 9, 1923, 
and March 29, 3925 (M. B. 116) by Dr. Dampf. Paratype females collected at DeserU; des 
Leones, October 17, 1946, elevation 9500 ft., by DeLong, Hershberger and Elliott; paratype 
female at Laguna de Zempoala, Mor., (K-10), elevation 8500 ft., by Plummer, Elliott, Hersh¬ 
berger and DeLong. 

It is a pleasure to name this species in honor of Dr. A. C. Baker who has assistefj the writer 
in so many ways in the collection and field studies of Mexican leafhoppers. 

Idiodonos ezcAvatus n. sp. 

Resembling edenlulus in general appearance but more robust and with definite coloration. 
Length 5.6 mm. 

Vertex bluntly angled, almost twice as broad between eyes at base as median length. 

Color: Vertex creamy white tinted with yellow with two round black spots at apex, a smaller 
semicircular spot convexly rounded anteriorly next each eye, between which is a reddish brown 
band. Pronotum brown on anterior half. Anterior margin narrowly black. A broad, white, 
transverse band extends across pronotum just before the posterior brown bordered margin, 
Scutellum yellow, basal angles orange, a median transverse impressed black line. Elytra pale 
brown, subhyaline. Veins white, claval suture broadly white, costal margin broadly white, 
subhyaline. Pace yellow, sutures black, a round black spot bene;ith each ocellus and sutures of 
the face either side black. 

Genitalia; Female last ventral segment with the posterior margin slightly produced forming 
a broad rounded lobe either side of a broad U-shaped median ex<‘avation, extending almost half 
the distance to the base. 

Holotype female and paratype female collected at Zimapan, Hgo., Mexico, elevation 6000 
ft, September 26, 1941, by Good, Caldwell and Delx^ng. Paratype females collected at Rio 
Frio, D. F., October 10, 1945, elevation 9500 ft., by Hershberger, Elliott and DeLong 

Idiodonus mexicanus n. sp. 

Resembling excavaius in general appearance but with a blunter vertex and distinct coloration. 
Length 4,5 mm. 

Vertex blunt, about one and onc-half times as broad between the eyes at base as median 
length. 

Color: Vertex creamy white with two large round black proximal spots at apex and a rather 
large spot beneath each ocellus next the eye. A broad, irregular, black, transverse band between 
the middle of eyes. Pronotum brown, anterior margin broadly black with a rather narrow pale 
band, bordered anteriorly with brown, just before posterior margin. Scutellum orange brown 
with a conspicuous T-shaped black mark on the posterior half. Elytra dark brown to black 
subhyaline, costal area brxjadly^ white; veins pale. 

Genitalia; Female last ventral segment with short lateral margins, posterior margin broadly 
convexly rounded forming a rather square excavated notch with a truncated apex one-fourth the 
distance to base. 

Holot 3 rpe female collected at Deserto de los Leones, D. F., Mexico, elevation 9200 ft, 
September 23, 1923, by Dr. A, Dampf. 

Idiodonue goodi n. sp. 

In general appearance resembling mexicanus but more narrow with a definite color pattern 
and distinct genitalia. Length 5 mm. 

Vertex scaredy produced, almost parallel almost twice as broad between eyes as 

median length. 

Cdor: Vwtex pale ydlow with a pair of round black proximal spots at apex. A smaller spot 
just beneath each ocdlus next the eye, a conspicuous transverse black band enlarged at either 
end between the anterior margins of the eyes, Pronotum dull grey, black margined anteriorly. 
Scutdlutn ydlow, a semicircular dark spot in each basal angle, a black cross on the middle. 
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Elytra grey to smoky^ subhyalinc, veins pole. Claval veins broadly yellow, costal margin 
broadly pale, bordered posteriorly by broad brown stripe. Face bright yellow, unmarked. 

Genitalia: Female last ventral s^^ent with posterior margin sinuate, forming a broad 
rounded lobe either side of shallow median notch. 

Holotype and paratype females collected at La Guarda, D. F., Mexico, elevation 8500 ft., 
October 26, 1931, and September 5, 1939, respectively, by Good, Plummer and DeLong. 

1 take pleasure in naming this species in honor of E. E. Good, whose excellent held work has 
showed him to be a promising biologist. 

Idiodonue claihrua n. sp. 

Resembling insctdplus in general c^lor pattern of the head but more narrow and without 
markings on the pronotum and with distinct female genitalia. I/ength 5 mm. 

Vertex transverse and almost parallel margined, twice as wide between eyes at base as median 
length. Scarcely produced. 

Color: Vertex creamy white, a pair of elongate transverse spots almost fused at middle, 
forming a brdken transverse band on margin between ocelli. A black spot just beneath ocellus 
figainst each eye. A broad irregular band between the anterior portions of the eyes, almost 
paralleling the broken band on the margin. Pronotum dark brown mottled with black, Scu- 
tellum, anterior portion orange brown with a black T-shaped mark on posterior half. Posterior 
portion white. Elytra smoky subhyaline. Veins mostly brown. Face yellow, sutures black, 
black arcs on either side. 

Genitalia: Female last ventral segment with posterior margin broadly rounded either side 
of a broad median excavation which is narrowed at apex and extends about one^third the distance 
to the base. Male plates elongate, triangular. Apices attenuated, long and slender. 

Holotype female, allotype mate and male paratypes collected at La Guarda, D. F., Mexico, 
elevation 9800 ft., September 5, 1939, by Pluxnmer and DeLong. Paratype males and females 
collected at Rio Frio, D. F., Mexico, elevation 10300 ft., October 7, 1941, September 22, 1941, 
Mt. Popo, Mexico, elevation 11500 ft., September 28,1941, La Guarda, D. P., Mexico, elevation 
8500 ft., October 28, 1941, by Plummer, Caldwell, Good and DeLong. Paratype males and 
females collected at Rio Frio, October 18, 1946, elevation 9000 ft.; Morelia Rd., at border of 
Mexico and Michocan, September 28, 1945, elevation 7200 ft., and at Laguna de Zempoala, 
J/Ior., October 21, 1945, elevation 9500 ft., by Plummer, Elliott, Hershberger and DeLong. 

Idiodonui turpiter n. sp. 

Resembling dathrus in general form and appearance but with different color markings. 
Length 5 mm. 

Vertex bluntly roundedly produced, twice as wide between the eyes at base as median 
length. 

Color; Vertex white with a pair of transverse spots on margin between the ocelli. These 
are narrowest at the ocelli and are broadened at median line where they are narrowly separated 
with white. There is a small black spot beneath ocrilus either side. There is a large black some¬ 
what quadrate spot just above each ocellus which replaces the band in cUUkrus. The disc is 
broadly orange brown. Pronotum dark brown with a pale area in the anterior median portion. 
Scutellum reddish brown with a median, impressed, transverse black line at each end of which is 
a white marginal area. Elytra pole brown, subhyaline. Veins pale, face creamy white, sutures 
black, black arcs on face either side of median line. 

Genitalia: Female last ventral segment rounded from lateral margins to a produced pos¬ 
terior margin which is rounded on either side of a brood median excavation almost one-third 
the distance to base. The excavation is slightly roundedly notched at apex. 

Holotype female and paratype females collected at La Guarda, D, F., Mexico, elevation 
9800 ft.. October 26, 1941. Feir^e paratypes collected at Rio Frio, D. P., Mexico, elevation 
10300 ft, September 22, 1941, Mt Mexico, devotion 11,000 ft., and Puebla, Pue., Mexico, 
elevation 8500 ft., October 18, 1941, by Caldwdl, Good, ftumtner and l>eLc^. Paratype 
females collected at Rio Frio, D. F., devotion WOO ft., October 18, 1945, by DdLong, Hersh¬ 
berger and Elliott. 



No. 1 


MEXICAN SPECIES OF IDIODONUS 


29 


Idiodontia «n«deinui n. sp. 

Resembling turpiter in general form and appearance but with distinct markings and female 
genitalia. Length 4.5 to 5 mm. 

Vertex blunt and slightly produced almost twice as broad between the eyes at base as 
median length. 

Color: Vertex pale with two broad transverse spots on margin between ocelli, slightly 
separated at middle. A quadrate black spot just beneath each ocellus. An angular black spot 
just above each ocellus. A median black line on disc, basal two-thirds orange brown, basal mar¬ 
gin white. Pronotum dark brown with a median longitudinal x^ale stripe. A small quadrate 
black spot either side of median line not far from anterior margin. Scutellum orange brown, 
basal angles darker. A pair of round, black, median spots on anterior portion and a median 
transverse black line. Elytra brownish, subhyaline. Veins mostly brown alternated with 
white. Costal margin white. Face creamy white tinted with brown, sutures black and portions 
of arcs either side of middle, brown. 

Genitalia: Female last ventral segment father short, lateral margins rounded to posterior 
margin which is broadly, roundedly produced either side of a broad V-shaped median notch 
which extends about one-fifth the distance to base with a brown spot at apex causing it to appear 
more deeply notched. Male plates rather broad and convexly rounder! to an acutely pointed apex. 

Holotype female, allotype male and male and female i)aratypes coller'ted at La Guarda, 
D. P., Mexico, elevation 9800 ft., September 5, 1939, by Plummer and DeLong. These were 
taken from pine. 


Idiodonus nigridens n. sp 

Resembling anademus in general form and appearance but with different color pattern and 
distinct genitalia. Length 6 mm. 

Vertex bluntly produced, less than twice as wide between eyes as median length. 

Color; Vertex white tinted with yellow. A pair of large black spots at apex which are 
tapered on outer margin and are somewhat transverse. A large black spot just beneath each 
ocellus and next the eye. A very small black spot just above each ocellus between which there 
is a broad transverse orange band. Pronotum orange ^rown with an inverted white T-shaped 
mark on the posterior portion. Scutellum orange brown, an inconspicuous impressed black 
■ transverse line at middle. Elytra brownish hyaline. Veins brown, alternately marked with 
white. Face yellowish, heavily marked with dark brown or black; sutures are broadly black and 
the arcs are fused next to the clypeus and are somewhat fused on their inner margins on upper 
portion of the face. 

Genitalia: Female last ventral segment sloping from short lateral margins to form rather 
narrow produced rounded lobes either side of a broad excavation about one-fifth the distance to 
base which bears a broad rounded black tooth at middle. The tooth does not extend to the 
posterior margin of the segment. Male plates small, triangular, elongate, with pointed apices. 

Holotype female collected at Cuemavaai, Mor., Mexico, elevation 4900 ft., October 21, 
1941, allotype male and paratype males and females from Carapan, Mich., Mexico, elevation 
6000 ft., October 2, 1941; Rio Frio, D. F„ Mexic-o, elevation 10300 ft., September 22 and Octo¬ 
ber 18, 1941; Tres Cumbres, D. F., Mexico, elevation 9100 ft., collected by Plummer, Caldwell, 
Good and DeLong, and Mexico City, D. F., Mexico, elevation 7500 ft., September 2, 1937, 
(M. F. 6189), collected in pine forest by Dr. A. Dampf. Paratype females collected at Rio Frio, 
October 18, 1946. elevation 9000 ft,, by Hershberger, Elliott and DeLong, 

Idiodomis incidut n. sp. 

Resembling nigridens somewhat in general form but with entirely different coloration and 
female genitalia. Length 4.5 mm. 

Vertex pmduced and bluntly angled, more twice as broad between eyes at base as 

median 

Color: Vertex with the maiginal area white. Tht posterior two-thirds reddish brown with 
two mund black proximal apots oh apex and a black spot about the same size just above each 
ocellus. The dark coloration on the posterior portion extends from the line connecting these 
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two spots. Pronotuni orange brown unmarked. Scutellum orange brown with an inconspicuous 
black transverse line on the middle, at each end of which is a small triangular white marginal 
spot. Elytra smoky subhyaline, the anterior end of claval veins white and the veins on the 
posterior part of thft elytra paler. Face creamy white, sutures and dark arcs on either side of 
the fa^ie, black. 

Genitalia: Female last ventral segment with posterior margin broadly roundecily convexly 
produced from base with a minute U-shaped notch at middle. 

Holotype female collected at La Guarda, D. F., Mexico, elevation 8500 ft., September 5, 
1939, by Plummer and Del/ong Paratype females collected at Laguna de Zcmp<jala, Ot'tober 21, 
1945, elevation 10,000 ft., in pine and fir forest by Plummer, DeLong, Hershberger and Elliott. 

Idiodonug gneculus (Ball) 

Tkamnoieltix graeculus Ball. Can Ent. 33 : 6, 1901. 

A blunt headed species without markings on vertex or pronotum. Length 5-5 5 mm. 

Vertex bluntly angled, more than twice as wide between eyes as median length. 

Color: Vertex, pronotum, scutellum and face bright canary yellow, the disk of pronotum 
slightly tinged with brown, basal angles of scutellum darker. Elytra brownish subhyaline with 
spots of milky white coloration especially white areolar spots along the commissural line and 
clavus. 

Genitalia: Female last ventral segment with the lateral angles rounded, between whicli the 
posterior margin is deeply excavated halfway to the base at the apex of which there is a sTiatulate 
process produced to the length of the lateral ;ingles, Male plates rather long, triangular, with 
apices acutely pointed. 

One specimen was (xillected at Saltillo, Coah., Mexico, elevation 7000 ft., September 23, 
1931, by Good, Caldwell and DeLong. This is the only record that has been obtained to date 
for this species in Mexico 


Subgenus Angulanus nov. 

As compared with Idiodonus the vertex is bluntly angled and is angled with the face. In 
Idiodonus the vertex is rounded to the face. The first apical cell of the elytron i.s large and about 
os wide as long. The first anteapical is triangular and about half as long as the sec'ond ante- 
apical. The apex of the first anteapical is oblique and does not extend as far apical!y as the 
apex of the second anteapical. The first anteapical tapers to a pointed anterior end and 
partially lies in the concavity formed by the constriction of the seconcf anteapical on its apical 
half. There is only one cross nervure on the corium. 

Genotype Idiodonus incisurus n. sp. 

Idiodonus incisurus n. sp. 

Somewhat resembling graeculus in general appearance but with a more produced vertex 
which is flattened at margin and with a different color pattern. Length 5 mm. 

Vertex roundedly produced, less than twice as wide between eyes at base as median length. 

Color: The face is bright yellow, unmarked, color extending over margin to vertex with a row 
of six somewhat fused brown spots just above margin. The central portion of disc is dark brown 
just posterior to this band »cept the longitudinal pale line at middle. A pale brown spot in 
each basal angle next the eye. Pronotum appearing brownish due to the mottled pigment 
throughout. Scutellum bright yellow, basal angles darker. Elytra pale subhyalirte with spots 
of fuscus and veins dark brown. The color of the wings gives it a milky white appearance. 

Genitalia; Female last ventral segment roundedly produced from the lateral margins to form 
the posterior margin which is broadly, convexly rounded either side of a median rather broad 
V-shaped notch extending about one-sixth of the distance to base. Male plates elongate, 
triangular, marginu almost straight, apices pointed. 

Holotype female, allotype male and paratype males collected at La Guarda, D. F., Mexico, 
elevation 8^ ft., September 5, 1939, by Plummer and LteLong. A series of male and female 
paratypes were collected at Tepotzlan, Mor., Mexico, September 11, 1941, by Good, Plummer, 
Caldwell and DeLong. 



FURTHER STUDIES ON THE LIFE HISTORY AND DISTRIBU¬ 
TION OF EUBRANCHIPUS VERNALIS (VERRILL)* 

RALPH W. DEXTER 
Kent State University 
Kent, Ohio 

luring the winter and spring seasons of 1943 and 1944, field studies on the 
distribution and life history of the fairy shrimp Eubratickipus vernalis (Verrill) in 
northeastern Ohio were continued. Results of the studies made during the two 
previous years have been published earlier (Dexter and Sheary 1943; Dexter 1943b). 
Additional data have been secured on the geographic and seasonal distribution, 
limits of temperature and hydrogen ion concentration, fluctuations of abundance, 
new appearances and disappearances, sex ratio, and color characteristics of E. 
vernalis. Also, information on the life history of this species has been obtained 
by a weekly study of one pond over a period of several months each year and by 
observations of laboratory cultures of this fairy shrimp. 

REVIEW OF FIELD COLLECTIONS. PORTAGE, SUMMIT, AND STARK COUNTIES —1943 

During the third consecutive year of this study (1943), 61 pools and ponds in 
Portage, Summit, and Stark Counties, northeasteni Ohio, were examined, including 
all of those from which any records of fairy shrimps had been known previously. 
Fifty-eight pools were restudied and three new stations were added. Because of 
the war-time restrictions on travel, it was necessary to drop 59 stations which had 
been included in the annual survey. Five Others had dried out by the time they 
were reached, and many pools did not contain as mucli water as had been found in 
previous years. Table I gives a summary of the field collections for each year, and 
Figure 1 shows the loc’ation of all positive records. 

The first specimens collected in the winter off 1943 were taken on February 4. 
These were smaller than those first collected in previous years, but the collection 
of February 11 compared very favorably in size with specimens collected from the 
same pond (Pond P7) on March 15, 1942, which in tuni were comparable in devel¬ 
opment to those collected a week earlier the previous year. The last collection of 
the original population from this pond in 1943 was made on April 1. Five days 
later the pool dried up. The last collection there in 1942 was made on April 23, at 
which time the pond had become very nearly dry. A second population devel¬ 
oped in this pond after refilling on April 13, 1943. Small numbers of E. vernalis 
were collected between May 10-25. Only three ponds (Ponds P43, SI, C2) had 
more abundant specimens of E. vernalis in 1943 than in 1942, while twelve ponds 
(P17, PIS, P79. S3, S5, S12, SIS, C6, C7, C9, CIO, C12) were found to contain a 
smaller population in 1943 than during the preceding year. 

No species of the anostracan phyllopods was collected in 1943 other than E. 
vernalis. Pristicephalus bundyi, which had been collected in one pool in 1942, was 
not found again. Because of the much smaller population of fairy shrimps in that 
pool and the limitation of time for collecting, only 31 specimens were taken. Had 
a more thorough sampling been made, it might have disclosed the presence of 
P. bundyi for another year. 


‘Acknowledgment is made to those persons who have kindly contributed records as indi¬ 
cated in the paper, especially to Mr. Charles H.’Kuehnle, who has assisted the writer on 
collecting tripe m Stark County, and to Dr. N. T. Mattox, who has read the manusenpt. Por¬ 
tions of this paper have been read before the Zoology Section of the Ohio Academy of Science 
and before the Ecological Society of America. 
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A total of 24 stations was found inhabited by E. vernalis during the spring of 
1943 (7 in Portage, 7 in Summit, and 10 in Stark Counties). Altogether 30 pools 
have been known to contain this species at some time during the period between 
1941 and 1943. 

REVIEW OF FIELD COLLECTIONS. PORTAGE. SUMMIT, AND STARK COUNTIES —1944 

During the season of 1944, fifty-five of the established stations and five new 
pools were investigated (35 in Portage, 12 in Summit, 13 in Stark Counties). 
Again, all pools from which ai\y collections of fairy shrimps had been made in the 
past were restudied. During the fall of 1943 and the winter of 1944, most of the 
tepapor&ry pool depressions contained no water, and for the most part did not fill 
with water until the first week of March. The month of December, 1943. was the 
driest since 1925. The spring rains, however, filled the pools. (S^ Table I and 
Figure 1 for collecting data). 


TABLE I 

Fluctuations of Pofuiations of the Fairy Shrimp, Eubranchipus vemalts 
IS Three Counties or Northeastern Ohio 


Stations 

1940 

1941 

1042 

1943 

1944 

P7, P18, P79, Sr, S6, Sll, S14, C7- (♦SI, C7. also in 1940) 


+ 

+ 



SIS, C2, C5. C6, CO. Cll, C12 


- 




P88. Pd9, CIS 


- 

- 

+ 

+ 

P91,P92. Cr4 


- 

- 

- 

+ 

P17, P43, S12 



+ 



P40, P65. P58 


0 
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C8 
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a 



P80, P80 
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P80 
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S2 
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-t" 

S4 

i 

+ 
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S3 

+ 

+ 

+ 

H 

0 

CIO 


- 



a 

P37 


•f 


0 

n 

PI. P8, P12, PH, P22, P42. P47, P48, P«, PM. POO. P«8, 
P69, S7, S8, S13 


0 

0 

0 

0 


vernalis; 0*No fairy shrittips; -•■Not Studied. 


Out of a grand total of 127 studied in the three counties over a period of 
four years, thirty-six have contained JE. imnalis at one time or another, and thirty- 
two of these had records in 1944. This year was a very favorable year for the 
fairy shrimps. Eleven of the pools (P17, P79, P89^ Si, Sll, SIS, C2, C7, C8, 
C12, C13) had definitely mote abundant populations than they had had during 
the precedit]^ year, while only four (P7, S14, C6, C9) had populations that were 




















EUBRANCHIPUS VERNALIS 



Fio. 1, Map of Portage, Summit and Stark counties, Ohio, showing the locations from which 
Eubranchipus vermhs has bean collected. 
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less abundant in 1944 than in 1943. Nearly all of the observed annual changes 
are of such a magnitude as to be easily detected. Sixteen stations have had no 
records of fairy Crimps for four consecutive years, six others, for three years; 
and two of the new stations did not contain specimens. The 1944 populations 
were about six weeks later in appearing than during the previous year. Specimens 
collected on March 25, 1944, were about equal in size and development to those 
collected on March 4, 1943. Egg sacs were first found developed in the season of 
1944 on April 2, on specimens collected at Canton. 

OBSERVATIONS ON THE LIFE HISTORY AND ECOLOGICAL RELATIONS OF E. VERNALIS 

When specimens were first collected on February 4, 1943, they were already 
4.65 mm. in length, which fact was rather unexpected because of the long, cold 
winter weather which preceded this date. A sample was collected each week 
after February 4, until the pool (P7, near Brimfield) dried up on April 6. A 
rather uniform sample of ten individuals was measured from the collection of 
each we^. Table II gives the measurements of total length which were made 
from the anterior margin of the head to the extremity of the caudal furca. but not 
including the filaments. Data are also presented on the temperature and hydro¬ 
gen ion concentration of the pool on the dates of collecting. The rate of growth 
was erratic. Egg sacs first appeared on the females in this pond on March 25. 
The average maximum size attained was 15,44 mm. which was reached by April 1. 
Comparison should be made between these data and the growth of E serralus 
studied in a pond of cast central Illinois (Dexter and Ferguson, 1943). As nearly 
as could be determined only one generation of E. vernMs was present, and the 
samples were for the most part very nearly uniform in size on any one day. 

The week following the drying out of Pond P7, it filled up again from a series 
of snow squalls and rainy spells. On April 17, 1943, and again one week later, a 
plankton sample was taken throughout this pasture pool, but neither time were 
the nauplii or metamauplii of £. verndis found. Great quantities of copepods 
and ostracods and a number of insect larvae had hatched and given rise to, a very 
rich plankton population. It was as rich in species and in quantity as the first 
plankton sample which had been taken on February 4. On May 10, however, 
three immature, female fairy shrimps which averag^ 10.7 mm. in length were 
collected. Nine days later two males were taken in the net after a careful search, 
and on May 25 one male and two females were found. Those of the last collection 
were of the characteristic colors for fully developed, mature individuals, and were 
the largest specimens seen during that season, averaging 25.8 mm. in length. 

While it may be possible that this second population came from eggs laid by 
the first generation, which lived in the pool during the preceding months, it is 
more likely that it came from eggs which had been deposited during some earlier 
year. Weaver (1943) has shown experimentally that the eggs of E, verndis can 
hatch without being frozen, contrary to a common belief that freezing is necessary 
before hatching will take place. However, Avery (1939) and Weaver (ibid.) 
found that a considerable rest period seems to be required before hatching will 
occur. Whether the eggs are dried or frozen or not some of them will hatch after 
a lapse of time. Weaver found an interval of twelve days between the **shock*' 
of drying or freezing and the hatching of the eggs. The number of individuals 
which he succeeded in hatching under various controlled conditions in regard to 
freezing and drying was not great, and in no case did all of the eggs hatch. Con¬ 
trary to the work of Weaver, Castle (1938) observed that some eggs of B. verndis 
hatched in an aquarium without having been dried, and Avery (1939) succeeded in 
hatching eggs which had never been dried, but had had a resting period of one 
year. His experimentally dried eggs failed to hatch. Mathias (1937) had stated 
earlier that desiccation is not necessary for the development of phyllopod eggs. 



TAfite II 

CoMPASisoN OF Life History of Eubraticktpus vernalts i.\ Pond P7 i v 1W3 and in 
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Weaver did not succeed in hatching eggs which had not been allowed to dry, and 
had been kept in water for nine months. The writer has attempted to hatch 
eggs of faity shrimps by drying, freezing, and the prevention of drying and freez¬ 
ing, but without success. In these experiments, however, small numbers of eggs 
were tised, and it is apparent that the factors regulating the hatching of eggs of 
fairy shrimps are little understood. Weaver concluded that dr 5 ring, freezing, and 
a long rest period are usual before hatching occurs. He believes that drying is 
important and that freezing seems to induce hatching. 

From the experiments of Avery (1939) and Weaver (1943) and their finding 
that a period of rest is requirecfbefore hatching will take pl^e regardless of environ¬ 
mental factors, and from the results of field observations reported here, especially 
of sudden appearances and disappearances of populations of considerable size, the 
following interpretation first developed by Hesse (1924) from observations reported 
from Europe and Africa has been adopted. The eggs of E. vernalis are without 
doubt widely distributed in the soil of depressions and dried-out pools. Probably 
myriads of such places contain some eggs which have been present over varying 
lengths of time. The question of how fairy shrimps or their eggs are intrcxiuced 
into these temporary pools is at the present time largely a matter of conjecture. 
Mathias (1937) in his monograph on the biology of the phyllopods explains the 
dissemination of the eggs as being carried by the wind, and on amphibians, water 
birds, and other animals which travel from pool to pool. He also states that 
phyllopod eggs pass through the digestive tracts of amphibians, birds, and possibly 
mammals, and still remain viable. Some years, when conditions are favorable, 
many of these latent eggs which have been scattered about will hatch in the spring 
when the depressions are filled by melting snow and ice. Other years they may 
fail to hatch in any certain pool, but remain viable for another season. Some 
eggs may not hatch for a number of years. The radical changes from year to 
year are probably the result of a successful hatching or a failure to hatch rather 
than being a new introduction or a total elimination of the species since it was last 
recorded. This explanation seems the most plausible in view of what is known of 
the life history of the species and the sporadic nature of its geographic and seasonal 
occurrence. 

It has been noted that sometimes fairy shrimps do not appear in deep pools as 
early as they do in shallow water. Specimens of E. vernalis collected from pond 
P88 on March 18, 1943, for example, were only 4.05 mm. in length. The same 
day, specimens from Pond P7 nearby had an average length of 11.76 mm. Those 
from the deeper pool were at that time approximately the size of specimens col¬ 
lected from station P7 six weeks earlier. After the fairy shrimps from the deeper 
pool reached maturity they averaged only 13.8 mm. in length (May 6, 1943). 

In the season of 1944 most of the pools did not fill up until March 6. £. vemalis 
was not found in Pond P7 until March 11. At that lime the fairy shrimps were 
only 2,53 mm. in length, while they were 9.03 mm. on that date of the preceding 
year and had been active in the water for some five weeks preceding that time. 
However, the individiials of the 1944 population grew rapidly, reachra maturity 
in a short time, and attained great size. During the development of the 1944 
population, the pond water was somewhat warmer than during the period of 
development of fairy shrimps of the same size in the 1943 population. This dif¬ 
ference explains without question the different rates of development and maturity. 
The fairy shrimps were present in Pond P7 in 1944 until it dried out sometime 
between April 22 and 29. 

During the month of March and early in April of 1944 pond P88 for some- 
reason failed to fill with water. No mote than an inch or two collected in the 
lowest portion of the trough, and much of that was in the form of scattered puddles. 
A plankton sample taken from these shallow puddles on March 18 contained two* 
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metanauplii of fairy shrimps. No others were found in earlier or later samples. 
On April 11a rainstorm of 1.49 inches filled this pond. On April 22 a large pop¬ 
ulation of fairy shrimps was found in the water. They grew and matured rapidly 
in the warm water (see Table III). The eggs were developing on the females 
within two weeks after hatching, and the population completed its entire existence 
as free-swimming organisms in little more than thirty-two days. The population 
disappeared after May 13. Water remained in the pond for several weeks longer, 
but had an afternoon temperature of over 21 degrees C. which seems to be the 
limit beyond which E. vernalis does not live for long. 

TABLE III 

Development ok Eubranchipus vemalts in Pond P88, Season ok 1944 


Dftte 

“C 

pH 

MM m 
Length 

Ami. of 
Growth 
in MM 

April 22 



4 20 


April 29 
May 6 

15 0 ! 

6 8 

12,90 

8 7 

14 0 

5 5 

i 15 35 

2 45 

May 13 
May 20 

21 1 

21 7 

5 6 

5 9 

16 ‘M) 

0 95 


Notes 


Pond filled April 11, late hatching; speci¬ 
mens orange-pink. 

Orangc-pmk m color, egg sacs developing. 
Males light green; females bluish-gray; 

egg sacs well developed. 

Last collection 

E. vernahs not present; pond still con¬ 
tained 1 5 ft water 


JE. vernalis has been found in a range of water temperature from 0® to 21° C. 
Individuals kept in aquaria in the laboratory with an average water temperature of 
around 20° C. lived on an average of 6.5 days. The longest surviving individual 
of each culture averaged 16.5 days. The longest surviving of any one individual 
was 30 days. This species has been found in a pH range from 5.3 to 7.6 with 
instances for almost every graduation between these limits. Mathias (1937) 
reported that phyllopods in general prefer alkaline water and do not withstand 
acid water. The experience of the writer has been that E. vernalis has a wide 
range of tolerance and probably could live in hydrogen ion concentrations found 
in most natural pods of water whether acid or alkaline. 

It has been observed that on cloudy days fairy shrimps have a tendency to 
remain at or near the bottom while on sunny days they swim near the surface of 
the pwls. 

It is commonly believed and often repeated in textbooks that the first generation 
of fairy shrimps consists entirely of females which reproduce parthenogenetically 
by means of **summer eggs.” Later in the season, it is believed by some, males 
are produced which fertilize the winter eggs. These presumably produce the first 
generation of females the following season. A number of specimens of E. vernalis 
collect^ early in the season before any were mature and kept in an aquarium 
developed into males, hence they must have hatched from winter*’ eggs. Also, 
many males were collected in the pond before mature females had developed. In 
addition, egg sacs were not fully formed in the specimens of Pond P7 until 5 days 
before the pond dried out. It is evident that for this species the males hatch from 
winter eggs, and sometimes, at least, there is but a single generation in a season. 

In another pond nearby, however, it seems quite possible that more than one 
generation was produced in one season. This pond (Station PS8) is a deep 
depression which does not dry out completely every year, although usually it does. 
It has steep banks, but they are at least partly expos^ during the summer months. 
Specimens collected from this pond on March 18, 1943, were only as much devel- 
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Oped as those collected in the shallow water of Pond P7 on Febmar>" 11. How¬ 
ever, the population in Pond P88 continued until May 10, some five weeks after 
the first population in Pond P7 disappeared. During April, specimens of all 
sizes and in all stages of development could be collected at the same time from the 
deep pond. A number of other pools, especially deep ones, contained specimens 
in various stages of development suggestmg that more than one generation might 
be present, ^me pools had two distinct size groups. Pond P43, for example, 
had two distinct size groups collected under ice as early as March 21. Whether 
these represt'nt two generations (one group was sexually mature) or whether they 
simply hatched at different times is not known. Mathias (I9;i7) claims that two 
kinds of eggs are produced—those which hatch immediately, and resistant eggs 
which can withstand desiccation for a number of years. The writer has not been 
able to obtain a second generation of fairy shrimps in an aquarium. 

Avery (1939) reported collecting E, vernalis from a body of water not known to 
be dry over a period of seven years From this fact and from the results of hatching 
experiments he concluded that the common belief that this shrimp occurs only in 
temporary springtime pools does not agree with the evidence. An abstract of 
his paper (Biological Abstracts 15:3340) conveys a false impression through the 
unfortunate omission of the word "only^' in the above statement As the writer 
has already pointed out, (Dexter, 194.3a) nearly all records of fresh-water fairy 
shrimps are from temporary spring pools, although a few records are known as 
the one reported by Avery where fairy shrimps arc found in ponds which do not 
dry out entirely, but which have a dry margin dunng the summer months. Shel- 
ford (1937) has quoted an observation made by Child in the Chicago region that 
fairy shrimps sometimes appear in ponds which seldom dry out, but which after 
a long period of drought do dry out. The following season, after refilling with 
water, the pond is found to contain fairy shrimps. It may Ix’ that other records 
of fairy shrimps found in ordinarily permanent ponds can be explained by the 
same situation. In such ponds, fairy shrimps might be an important item of food 
for fishes, as it is sometimes mentioned in zoological literature. Usually, however, 
fishes are not found in the same community with fairy shrimps. 

SEX RATIO 

Textbooks and manuals often state that the males of fairy shrimps are rel¬ 
atively scarce. \'ery little is to be found in original literature conceming the sex 
ratio Weaver (1943) found five females to one male on March 18, 1940, but later 
in the season the proportion of males increased as the shrimps got larger. After 
March 30 the males began to disappear. In regard to this problem, samples have 
been taken by the writer from a variety of ponds and over a period of time to 
determine the proportion of sexes as fotmd for E, vernalis, A sample of 145 spec¬ 
imens collected in the spring of 1941 had a ratio of 55 males: 90 females (1 :1 6). 
Of 240 specimens collected during the following spring a ratio of 100 males: 140 
females (1 ; 1.4) was found. On March 3, 1943, 100 specimens taken from Pond 
P7 showed a ratio of 32 males: 68 females (1 :2.1). One week later another 
sample of 100 removed from the same pond had nearly the same ratio—35 males: 
65 females (1 : i.9). A mixed sample of 141 specimens taken from various pools 
during the same spring had a ratio of 55 :86 (1 : 1.6). A similar sample of 364 
individuals collected in 1944 also had a ratio of 1 ‘ 1 6. In contrast to these a 
sample of 122 individuals collected from several pools in Stark County on April 3, 
1943, showed the reverse trend with a ratio of SO males' 42 females (1 :0.5). This 
is the only time the writer has collected a sizable sample in which the males pre¬ 
dominated. The average of all of these (1212 individuals) gives a ratio of I male. 
1.5 females. It is clearly evident that for E. vtrnalis in the years and regions cov¬ 
ered in this study, the males have been much more abundant than is commonly 
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believed. Contrary to the finding of Weaver, the writer has not observt‘d the sex 
ratio to change during the sc»ason. 


COLOR 

While all of the specimens of E. vernalis of comparable age atid development 
collected from the same pool have been uniform in t'olor, the color does change as 
the individuals mature (Dexter 1943b). In the report cited, observations of the 
('hange in color were made by successive collections from the same pools. During 
the spring of 1943 this observation was confirmed by individual specimens kept in 
culture in the laboratory. On February 18, 4 sj^ecimens of the typical orange- 
pink or salmon color were placed in an aquarium. On March 4 this color began to 
fade in a surviving male Sfiecimen and by the next day it was light green in color 
as reported earlier for mature males of E. vernalis. The specimens in the pond 
from which the collection was made were still orange-pink at this date Another 
sample was taken at this time and also placed in an aquarium. Six days later the 
orange-pink ('olor began to fade and the egg sacs developed. On March 23 the 
females were entirely bluish-gray in color as reported earlier for the mature 
females Four days later they turned the same cream color observed in old spec¬ 
imens of E. serratus when kept in culture for several days beyond the time of 
maturation. A number of females collected on March 11, 1943, developed egg 
sacs and turned bluish-gray on March 18. On this day, the largest female spec¬ 
imens in the pond were just developing the color characteristic of the adults, while 
the majority of the pond specimens were still orange-pink. 

In the sc*ason of 1943 a fX)pulation of E. vernalis was discovered which had a 
most unusual color. On April 3 the writer with Mr. Charles H. Kuehnle, collected 
a sample of £. vernalis from a shallow swamp-pond near Canton, all of the spec¬ 
imens of which were light Vilue in color Not only those collec'ted, but all of the 
individuals seen swimming about in the water had the same characteristic coloring. 
This pigment was found throughout the body, but was particularly noticeable in 
the head and on the tips of the appendages. The writer had never before seen a 
fairy shnmp population of suc*h a color. It was suggested by Dr C E. Venard 
that the light bluish color might be caused by blue-green algae attached to the 
cuticle of the fairy shrimps. A sample from the Canton pond was sent to Dr. 
C. E. Taft for examination, but no algae were found. Dr. Taft reported that he 
has seen fairy shrimps with algae, usually of the genus Characiunt, attached to the 
animals, but he knows of no record where blue-green algae have been similafly 
found. The following year Mr. Kuehnle and the writer collected again from this 
swamp-pond. On April 2, 1944, all of the specimens found were of the usual 
orange-pink or salmon color, and not a single one had the peculiar light blue color 
found the preceding year. On April 15 Mr. Kuehnle made another collection 
from this location and the specimens were still normal and uniform in color. It is 
possible that some chemical property of the swamp water during the season of 
1943 was responsible for the unique coloring of the shrimps that season. 

ADDITIONAL RKCORDS OF ANOSTftACAN PHYLLOPODS COLLECTED IN OHIO 

In addition to the records of this survey and the references which have been 
cited (see Dexter and Sheary, 1943; Dexter, 1943b), a number of collections and 
records from Ohio have come to the attention of the writer which are presented in 
Table IV. Specimens from the following collectors have been identified by the 
writer: Vickers, Azary, Chiavetta, Surrarrer, Kuehnle, Wilson, Geist, Venard and 
Gerberich, Blaydes, and Rice. Dr. N. T. Mattox identified those collected by 
Clark as well as his own specimens. Dr, R. M. Bond identified.those collected at 
Oberlin. The following made their own determinations: Linscheid, Hazard. 
Dteyer, Stehr, and Gier. All of the specimens which have been identified to 
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species are Eubranchipus vernalis (Verrill). In all likelihood the specimens recorded 
in Table IV as “unknown'* were £. vernalis inasmuch as it is the only common, 
widely distributed species in Ohio. The specimens from Delaware County listecl 
by Burton and Hooker as Chirocephalus were probably raisidentified as this genus 
has been recorded but once from North America (Creaser 1940), and collections 
from the same pool studied by them and from nearby pools during other years, sc^ 
far as known, have been R. vernalis. 


SUMMARY 

The third and fourth seasons of an annual survey of fairy shrimp populations 
in Portage, Summit, and Stark Counties, Ohio, have yielded the following results. 

1. Twenty-four pools out of sixty-one studied in 1943, and thirty-two out of 
sixty studied in 1944 contained Eubranchipus vernalis, the only species collected 
during those years. 

2. The populations of E. vernalis varied considerably each season. Some 
pools formerly inhabited failed to contain fairy shrimps during a certain season, 
while some other pools which lacked them in former years developed large pop¬ 
ulations. Considerable fluctuation of abundance was found from year to year in 
some pools. 

3. In the season of 1943 the fairy shrimps appeared early, and the eggs had 
probably hatched in the winter months of 1942. Most of the pools dried up early, 
however, and very few fairy shrimps could be collected after April G. 

4. The spring of 1944 was a very favorable one for £. vernalis, which was found 
in more pools and in greater abundance in most cases than during the preceding 
three years. In 1944 the spring pools did not fill with water until the first week of 
March. However, the fairy shrimps developed rapidly after that time and matured 
by the middle of April. Some populations continued until May 13. 

5. A sample was collected and measured from pond P7 each week during both 
years from the time they were first observed until they disappeared from the 
pond. All data are presented in tabular form. 

6. Evidence is presented to prove that males as well as females hatch from 
the “winter" eggs. 

7. In many cases only a single generation is present during one season. 

8. If dried-out pools are refilled in the spring before the onset of hot weather, 
another population may develop as was observed in pond P7 in the spnng of 
1943. If a pool does not fill up until late in the spring, it may develop a popula¬ 
tion which will develop rapidly as occurred in pond P88 in the late spring of 1944. 

9. The sporadic distribution of fairy shrimps and the sudden annual changes 
which occur in many ponds, together with published experimental data on hatch¬ 
ing, would indicate that the eggs of fairy shrimps are widely distributed over the 
ground, and they may of may not hatch any one year. Some of the eggs probably 
rerbain viable over a number of years before hatching. Thus, sudden changes of 
appearance and disappeatancxj can best be explained. 

10. B, vernalis has been found in temperature ranging between 0° and 21° C , 
and in hydrogen ion concentration ranging from pH 5.3 to 7.G. 

11. The sex ratio of £. vernalis averages 1 male to 1.5 females. 

1?. Color changes have been observed in specimens maintained in the lab¬ 
oratory. The orange-pirik or salmon colored irmnature forms change to light- 
green males and bluish-gray females. A population of light-blue individuals of 
TOtb sexes was found in one pond in 1943 All specimens of this pond had the 
same unique coloring. 

13, Recent records of fairy shrimps are reported from 24 of the 88 counties 
of Ohio. 
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ERYTHRONEURA OF THE OBLIQUA GROUP FROM 
OHIO AND TENNESSEE 

(Homoptera: Cicadellidae) 

DOROTHY JOHNSON KNULL, 

The Ohio Biological Survey, 

The Ohio State University, 

Columbus, Ohio 

An attempt is made to bring the work* on the obliqua group of Erythroneura 
up-to-date. Desc'riptions of five new species, new records for Ohio, c-orrections 
and synonymy are included 

Early in April, 1945, large numbers of Erythroneura were observed congregating 
on stones in swift-running strt'ams, where they could be collected in numbers with 
an aspirator Those taken in Delaware County, upon closer examination, proved 
to bo almost exclusively members of the obliqua group, and males Further col¬ 
lecting in this manner in Delaware and Hocking Counties showed that members 
of other Erythroneura groups had the same habit, but it seemed to be a character¬ 
istic of males only. A great variety of species oc'currecl. 

Unless other collectors arc mentioned all specimens were taken by D. J. and 
J. N. Knull and are in collection of The Ohio State University or of author. 

Erythroneura alata n sp 

Figure 5 

Ground color white, vittae bright red Vertex with even-sided inverted U, rounded at 
apex, dusky area fills center; continued across pronotum as broad diverging vittae, space between 
them entirely dusky; scutellum dark, basal angles lighter in some specimens; elytra with broad 
claval vittae almost filling clavi, but for smoky area adjacent to scutellum, corial vitta broad, 
upper half appears to be joined to middle third of claval vitta by dark band of dorsum which 
shows through elytra; costal margin pellucid orange on basal part becoming broadly reddened 
toward crossveins; crossveins and adjacent part of longitudinal veins red, spots before crossveins 
and apical cells dusky, inner two cells translucent; small circular area around apices of clavi paler 
than rest of dorsum. Below a projection of vertexal U over apex of head, face dark, especially 
toward edges, legs pale, spines of hind femora dark, venter and dorsum chiefly dark. 

Genitalia; Female, last ventral segment produced on middle third, pale. Male: Style with 
large foot, heel not projecting, base curved forming an' with inner margin of posterior point; 
anterior point narrow, projecting laterally, curved up; posterior point broad, three times as long 
and broad as anterior point and sharp-pointed. Aedeagus in lateral view short and heavy, 
ventral surface straight, dorsal sharply cut in before middle, and broadly swollen toward flat- 
t^ed tip, a pair of processes arises at ventral base of shaft, broadens into wing-like structures 
serrate on outer margins on apical half, narrowing to sharp, straight, spine-like apices. 

Length; 3 mm, 

Male holotype, Columbus, May 11, 1938; allotype, May 19, 1938; and parat>T>es, June 9, 
1938; Delaware Co., April 2, 1945; April 26. 1944; April 30, 1944; August 27, 1942; Sept. 19, 
1943: Oct. 3 and 10, 1943. 

, Near E. funesta Beamer in genital characters,'but with a quite distinct color pattern. It 
bears somewhat the same relationship to E. funesta Beamer that E. plena Beamer does to E. 
repUta Johnson. In coloring it resembles E. rufosHgmosa BearaeT, but is darker. 

*D. M. Johnson, The Ohio Biological Survey Bulletin 31, issued July 8, 1935. 
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Brythroneura aaomala n, sp. 

Figure 9 

Smallt ground color creamy white with rather broad orange markings as follows: Vertex 
with inverted V broadly touching eyes, continuing across pronotum as two slightly diverging 
vittae; scutellum with tip orange, basal angles pellucid yellow; venter and dorsum yellow, abdom¬ 
inal segments and fa<^e more or lass orange-tinged; a few black spines on hind femora Klytra 
with orange oblique vittae, one on clavus, one on lower middle of corium, and one along costal 
margin; spots before crossveina and apices faintly dusky. 

Inner male genitalia; Style with small rather square foot, heel very prominent, projecting 
down, its outer edge parallel with outer edge of toe, base curved, anterior point short, sharp, 
evenly joined to posterior point which is merely a small sharp projection. Aedeagus in lateral 
view broad, short and straight, with flattened dorsalty projecting apex, and sides with pair of 
lateral brqad projections straight out from middle, about as broad as shaft, bent down and 
narrowed ^toward apices. 

Length: 2.5 mm. 

Described from three males, holotype and para type, Hocking Co., April 26, 1938; and Knox 
Co., May 8, 1933, D. M. Johnson, Carp%nus^ 

A small member of the group, resembling £. mansmta Beamer somewhat in character of 
inner male genitalia. 

£. auienae Johnson instead of auienit as in original description. Additional specimens have 
been taken from Delaware Co. 

E. caeruh Beamer, from Hypericum sp., Scioto Co., June 10 and 17, 1944, 

E. cauta Beamer, Delaware Co. 

E. coarctaUi Beamer, Pig. 2, Hocking Co., April 17, 1938, and May 6. 

E. cotidiana Beamer, Fig. 4, Hocking Co., April 12, 1945; Scioto Co.. June 9, 1943, and 
June 17. 1944. 

£. dmra Me A. was reported for Ohio incorrectly as E, atrimucronata Beamer. 

£. iconica McA., Fig. 7, Hocking Co,, April 11, 1945. 

E, idonea Beamer (Jour. Kans. Ent. Soc. 8:100, 1936) has precedence ov^ E, gar%anlua 
Johnson (Ohio Biol. Surv. Bull. 31: 81, 1936) by eight days since the date of issue of the Journal 
was July 1, and of the Bulletin July 8. This is a common species on buckeye in Delaware Co., 
and occurs in Adams and Scioto Cos. 

£. infinita Beamer, Fig. 11, Pickaway Co., Feb. 20, 1936, J. S. Caldwell; Knox Co., Sept. 17, 
Mary Auten; Ashland Co., Mary Auten; Hocking Co., April 11, 1945. 

£. pendutea Beamer, Fig. 1, was reported from Ohio on the basis of one female specimen. 
A series has been taken throughout the season in Delaware and Hocking Cos. 

E, perita Beamer, (Jour. Kans. Ettt. Soc. 8: 100, 1985 ), Pickaway Co., April 5, 1934, J. 
Caldwell; Delawcire Co., Aug. 27, 1942, Got. 9, 1942, May 6, 1943, and Sept. 30, 1943. E. 
extrema Auten & Johnson (Ann. Ent. Soc. Am. 29:34, 1936) is a synonym of this species. 

Brythxoaetira praecUa n. sp. 

Figiire 10 

General ground color white to semihyaline on elj'tra, where very little appears. V«tex 
with orange inverted V narrow at apex, and not touching eyes, even-sided, continued across 
pronotum as two slightly diverging orange vittae indented on outer margins at middle, and not 
touching anterior margin of pronotum; area between vittae darkened subcutaneously, basal 
angles of scutellum black, renuiinder yellow. Elytra extensively marked; clavus with brpad 
vitta on basal two-thirds, dusky abdomen showing through gives outer third a dark cast, a 
narrow line along margin toward apex, usually lighter, a broad vitta on cormm reaching cross- 
veins, and a broad costal stripe, yellow translucent on* plaque, cross veins partly red, dork spots 
above and below, except at base of Mj; Ri and R* clouded, also base of M*; Inw^ part of 
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Figs. 1-11. Lateral view of style and aedeagus of Eryikroneura. 1. peneluUa Beamer. 
2. coarckita Beamer. 3. sagtttata Beamer. 4. cotidiana Beamer. 5. alaia n. sp. 6. vie- 
fdrialis n. 7. wimica McAtee. 8. tenebrasa n,r9p, G. anomah n. %p, 10. praectsa n. sp. 

11. Beamer. 
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and all of Ms quite clear; below, head and legs sordid yellow, abdomen and tnesonotum dark, dor¬ 
sum dark. 

Genitalia: Female, last ventral segment produced into truncate lobe on median third, pale, 
a few pale hairs on pygofer. Male; Style with small foot; heel a right angle, base short, straight, 
anterior point longer than posterior point and narrow, turned up, posterior point heavy, edges 
rough, as broad as base of foot, sides sharply C'onverging, forming a little less than a right angle- 
Aedeagus almost straight in lateral view with rounded dorsal bulge toward flattened apex, a 
pair of narrow processes arises at anterior base and extends almost to tip, slightly serrate on 
ventral margin. 

Length: 3 mm. 

Holotype female, Hooking Co., June 1, 1938; allotype, April 28, 1934, J. S. Caldwell; para- 
types August 31, 1944, and Sept. 16, 1943; paratypes, Great Smoky Mt. National Park, Tenn., 
June 14 and 21, 1942; and Indian Gap, Smoky Mts., Tenn., Sept. 8, 1939; Mary Auten. 

In characters of genitalia close to E. aspera Beamer, but the foot of style is straight and 
aedeagus is narrower in lateral view. 

£. sagittaia Beamer, Fig. 3, Ashland Co., Sept. 23, Mary Auten; Delaware Co., Aug. 12, 1942, 
Sept. 9, 1943, Sept. 16, 1943, Oct. 3, 1943, and Oct. 9, 1942. 

£. sdncera Johnson has a pair of delicate processes just ventrad to base of shaft of aedeagus, 
sinuate, swollen slightly in middle, and extending to opening of duct. In this species as well as 
in £. ruhrotincta Johnson, processes of aedeagus are often broken. Both species have been taken 
in Delaware Co., and ruhrotincta has been taken also in Hocking, Monroe and Scioto 0>unties. 

E. spearca Auten & Johnson, Hocking Co., April 17, 1938, and Oct. 17, 1941; Shawnee 
Forest, S<'ioto Co., June 9, 1943. 

E, stolata McAtee, common in beech woods near Columbus. In some specimens a pair of 
fine lateral processes arises at base of aedeagus, separated from it, and extends almost parallel to 
shaft about one-third its length. 


Brythroneura tonebrosa n. sp. 

Figure 8 

Ground color yellowish with narrow orange markings Inverted V of vertex with a tend¬ 
ency toward clover-shape, two lateral prongs extend toward upper inner comer of eyes; vittae of 
pronotum, two dashes remote from margins; basal angles of scutellum yellow, narrowly outlined 
on inner margins with orange, apex orange, narrow oblique vitta on clavus, one on middle of 
corium and faint streak along costal margin, three dark rounded spots before crossveins and 
apical cells clouded, inner two clearer. The dark dorsum showing through elytra in region of 
middle of clavus gives a characteristic banded appearance. Below, face sordid yellow, legs pale, 
area below beak dark, segments of venter of abdomen sordid yellow, genital segments pale, a 
dark stripe at base of dorsum of abdomen and some darkening below surface of scutellum and 
middle of pronotum. 

Inner male genitalia: Style with medium stout foot, heel moderately projecting, base slightly 
curved, posterior point as long as base of foot, heavy, sometimes very broad, slightly curved in, 
blunt; anterior point about a right angle. Aedeagus in lateral view, curved dorsad at tip, apex 
laterally broadened and blunt, dorsal surface roughened, a pair of spines arises on ventral surface 
just before shaft opening and extends laterad, these spines taper evenly to apices and in lateral 
view extend about one-third their length beyond shaft. 

Length: 3 mm. 

A common species. Male holotype, Delaware Co., April 30, 1944, and paratypes, allotype 
Sept. 19,1943, and paratypes, March 18,1945, Sept. 9,1943, April 26,1944, March 25,1945, and 
April 2,1945; Hocking Co., June 28, May 1,1938, April 11,1945; Columbus, May 16,1937, Mary 
Auten; and specimens previously placed with E, attUnae Johnson: Knox Co., May 8, 1933, M. 
Auten & D. M. Johnson; Richland Co., Oct. 16, 1934, M. Auten; Allen Co., Aug. 19, 1934, 
D. M. Johnson. 
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Very similar in characters of inner male genitalia to E. Unutspica Beamcr from which it is 
readily separated by its dark dorsum. 

£. torva Beamer, Mohican St. Park, Julv 81, 1935, D. M. Johnson; and Delaware Co., 
April 2, 1945. 


Erythroneura victorious n sp. 

Figure 6 

Large, white with yellow markings except for those on clavus which are usually bright red. 
Head with broad indistinct inverted V not touching eyes, continued across pronotum as broad, 
faint, slightly diverging vittae; scutellum, basal angles and tip yellow; elytra, clavi with broad 
red vittae based on claval vein and filling a little more than apical third, outwardly and apically 
more translucent, shining, indistinct yellow with vittae on coria along vein and on costal mar¬ 
gins, croBSveins yellow, a few faint dusky spots before crossveins and apices hyaline. Below pale 

Genitalia: Female, last ventral segment produced sharply on median third, in lobe slightly 
indented over ovipositor, median lobe equal in length to sides, ovijiositor entirely pale, a row of 
white spines either side on pygofer. Male: Style with large, long foot, heel sharp, projecting, 
base straight, anterior projecting laterad, slightly smaller than heavy posterior point with which 
it joins in even line on outer edge. Posterior point meets base at more than right angle and is 
sharp-pointed. Aedeagus large, in lateral view swollen just l>elow base, curves faudad, nar¬ 
rowed on outer half, toothed on ventral surfa<'e on widest basal jwrtion, and dorsally below 
middle; apex bifid. 

Length: 3.6 mm. 

Taken from blueberry at 5,000 to 6,000 ft. in Great Smoky Mi. National Park, Tenn., 
holotype male, allotype and paratypes June 14, 1942, and paratypes June 21, 1942. 

A bright red V on the clavi when elytra are closed, noticeable with unaided eye, caused the 
prepara tor to call this the “victory leafhopper.” It is nexir in genital characters to E nam 
Beamer. 



SEDIMENTARY ANALYSIS OF DRILL CUTTINGS FROM THE 
VANCE WELL, DELAWARE COUNTY, OHIO 

WILLARD D. PYE* 

The Chester L. Wise, et al, Herman E. Vance, No. 1, is located on Lot 11, 
Sec. 3, Orange Township, Delaware County, Ohio. This location is on the east 
side of the Olentangy River‘approximately 14 miles north of Columbus and 10 
miles south of Delaware. Drilling commenced in September, 1034, and was 
completed in May, 1937, the entire hole being drilled by cable tool. The well 
started in the Ohio shale of Devonian age and bottomed at a total depth of 4291 
feet in crystalline rocks of pre-Cambrian age. Despite the fact that the well was 
a dry bole, it is of importance because of the information it has yielded as to the 
sub^irface stratigraphy of that part of Ohio. A detailed study of the drill cuttings 
from the Vance well has already been published.® 

The total amount of material available for disaggregation and analysis was 
small, averaging only about 100 grams, and consisted of chips and sand brought 
up by the bailer from the indicate depths. Although some contamination of the 
cuttings undoubtedly occurred due to material being knocked off the upper walls 
of the hole during drilling operations, nevertheless, the anal 5 nses of the samples 
probably rather closely represent the formation being drilled. 

The samples were taken at depths of 3435, 3440, and 3445 feet* and represent 
a Cambrian sandstone, f)ossible just above the Jordan.^ A gas-bearing brine was 
found at 3550 feet, just below the lowest sample. 

The samples were all very uniform in ajjpearance and consisted of a fine¬ 
grained, friable, fairly porous, yellowish-^y calcareous to dolomitic sandstone. 
The main cementing material was dolomitic calcite with some iron. In the coarse 
chips from the cuttings the carbonate is present as a cement binding the sand 
grains together; in the finer cuttings where the rock has been broken down into its 
individual mineral grain components, the carbonate cement is found as a fine 
powder. The original sand grains are rounded to well rounded and possess a fairly 
high degree of sphericity. 

METHODS OF ANALYSIS AND DATA 

Since it was obvious from microscopic examination that much of the ‘^sand'^ 
was from the carbonate cement, one fraction of each sample was boiled for ten 
mintftes in dilute hydrochloric acid to remove the carbonates, and in stannous 
chloride to clean the grains of iron oxide coatings so as to facilitate later mineral 
identification. 

Table I gives the results of the medmnical analyses of both the untreated and 
acid treated samples. Sieving was by hand and lasted for 30 minutes. As this 
is longer than has recently become the standard practice for making sedimentary 
analyses, the final results probably were contfoll^ to some extent by the largest 
opening in each sieve. 


'Now with the Texas Company. Box 167, U. S. A. C., Logan, Utah. 

*W. Stout and C. A. Latney. *'Paleos5oic and Pre-Cambrian Roo)cs of the Vance Well, 
Delaware County, Ohio,'’ BidL Amer. Ass^c. PMri>L Vol. 34, (1940), pp. 673-692. 

*The samples were secured by Dr. G. D. Hfd^bard from Dr. W. Stout, State Geologist 
of Ohio. Aoknowled^ent is made to Messrs. A. J. Wallace and R. Mallory for supplemental 
information on the 3440 and 3446 foot samples. 

^W. Stout and C. A. Lamey, op, ci'L, pp. 672-692. 
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TABLE I 
Sieve Analysis 


Depth 

1 3435 Feet 

3440 Feet 

3445 Feet 

Sieve Size (mni.) 

Untreated 

Untreated 

Acid 

Treated 

Untreated 

Acid 

Treated 

% 

% 

% 

% 

% 

1.000 - 0.496. 

0.496-0 240. 

trace 

2.3 

6 4 

2 4 

2 1 

3 3 

0 246-0 124. 

23 8 

24 7 

25 2 

20 8 

32 8 

0 .124-0 061. 

37 6 

42 1 

63 7 

48 3 

51 2 

0.061-Pan... 

36 4 

26 8 

18 7 

28,8 

12 7 

Total 

100 0 

100 0 

100 0 

100 0 

100 0 

Mean Sise. 

0,085 

0 096 

0.096 

0 086 

0 108 

Standard Deviation 

0.56 

0 55 

0 62 

0 61 

0 62 

Per cent sample into 
solution by acid. 

84 1* 

62.2t 

■ * 

m 9 


41 3 


^Different sample than the one sieved. 
tSample used for chemical analysis of cements. 


TABLE II 

Pipette Analysis of Sample from 3446 Poor Depth 
(Untreated by acid) 


Size (rnm.) 

Per Cent 

Per Cent of 
Total Size 
Distribution 

1/16-1/82. 

40.9 

11.8 

1/82- 1/64. 

40.9 

U 8 

1/84 - 1/128 

11 7 

3 4 

Lcbb than 1/128. 

6.6 

1.8 

Greater than 1/16 (from Table I) 


71 2 

Total.. 

100 0 

100 0 


TABLE III 

Mineralogy of Sample from 3440 Foot Depth 


Minerals 


Untreated 

Sample 


% 


Acid Treated 
Sample 

% 


Iron stained qxiRrtz. 

Opaqtiaa (Mai^netlte and Limonite) 

Biotite. 

Muscovite.. ... ...... 

Garoet (pink and red).. . . 

. 

Touxmaline... 

Claque andaemi-opaque «on carbonates. 
Caktte and Dolomite. 


36 

5 

1 

1 

1 

1 

1 

40 

15 


79 

10 

4 

3 

3 

1 



















52 


WllXARD X>. PVE 


Vol. XLVI 


The material from the non-acid treated sample caught on the pan during the 
sieving of the 3445 foot depth sample was boiled in a solution caring 0.5 grams 
of sodium carbonate and then diluted to 1000 cc. for pipette analysis. The results 
are presented in Table II. How much of this distribution was due to carbonate 
cement fragments was not determined. 

The mineralogy of the samples is given below and is based upon both heavy 
mineral and thin section anal)rses. 

Sample from SJf.S5 foot depth: The cement binding the sand grains together 
consists of carbonate with minor amounts of iron oxide. Some post-depositional 
p)rrite is also present. No silica cement is evident. Magnetite makes up fully 
fif^ per cent of the heavy minerals; pyrite, limonite, and leucoxene make up 
minor amounts. The non-opaque heavy minerals are freshly broken (during 
drilling?) pink garnet, rounded topaz grains with many inclusions, and well rounded 
olive-green zirexjns. "Phe dominant detrital light mineral is quartz, which may be 
clear ot^ filled with inclusions. Acid feldspar is present but not common. The 
very abundant carbonate cement is all recrystallized and shows no evidence of a 
detrital origin. 

Sample from foot depth: See Table III. 

Sample from 344^ fool depth: Iron-stained quartz makes up most of the detrital 
minerals. Zircons, garnet, fiourite, hematite, magnetite, leucoxene, and pyrite 
are present in small amounts. Magnetite makes up over 40 per cent of the heavy 
minerals with the other ore minerals making up most of the rest. Fragments of 
well crystallized carbonate cement arc very common in the light fraction. 

Chemical Analysis of Sample from 34^5 Foot Depth: After a sample from the 
3435 foot depth was leached with hydrochloric acid, it was found that a total of 
62 jjcr cent had gone into solution. This solution was analyzed for calcium, mag¬ 
nesium, and iron percentages. Although undoubtedly other elements for which 
no tests were made were present in minor amounts, the following were calculated 
to have made up all of the material that was dissolved by the acid: 

CaCO,. 57% 

MgCO,.23% 

FeCOi and Fe20i.20% 

(Note: Some of the iron probably came from small amounts of the magnetite 
and other iron minerals going into solution during the acid treatment.) 

CONCLUSIONS 

The formation is a highly dolomitic, calcareous, fine-grained sandstone with 
considerable iron carbonate and oxide. Silica cement is nil. The insoluble portion 
is dominantly made up of fine quartz sand with very little feldspar. Small amounts 
of heavy minerals are present. Of these, magnetite and the other opaque ore 
minerals predominate. 

The degree of sorting coupled with the presence of well rounded zircon and 
topaz grains would indicate probably at least a second cycle of eixjsion for some of 
the sand. Not encrugh evidence was available to determine whether the sand 
was (1) deposited under aeolian conditions with later carbonate cementation by 
ground water, or (2) deposited under near shore, clear water conditions with no 
major streams entering the soa in the general vicinity, and a low lying, probably 
peneplaned, land-mass making up the coastal area. Either case would give a 
clean, well sorted, medium fine, calcareous sandstone deposit. The latter prob^ 
ably represents the conditions of deposition unless the formation is a combination 
of two, being an aeolian sand reworked and deposited under the above outlined 
marine conditions. 
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THE URINARY EXCRETION OF PENICILLIN AFTER INGES¬ 
TION WITH AND WITHOUT ADJUVANTS AND 
FOLLOWING INTRAMUSCULAR INJECTION* 

WM. G. MYERS, Ph.D., M.D.,* 

Columbua, Ohio 


In their classic paper Florey and co-workers (1) found that a large part of the 
antibacterial effectiveness of penicillin was lost when the drug was taken orally as 
compared with jjarenteral administration. This has since been confirmed by 
numerous investigators (2, 3, 4, 5, 6, 9, 11, 12, 13). It has generally been thought 
that successful administration of penicillin by mouth could be acc»mplished by 
protecting it from destruction by gastric acidity. Several studies have been 
reported in which attempts were made to circumvent this assumed mechanism of 
destruction either by neutralizing the gastric acidity by various antacid adjuvants 
taken with the penicillin or by encapsulating it in such a manner that it would not 
be released until it had reached tiie less acid or even slightly alkaline medium of 
the intestine. 

Sodium bicarbonate ingested with or prior to penicillin (1, 5, 15) failed to pro¬ 
tect most of the drug from destruction. Little and Lumb (8) reported that when 
penicillin mixed with raw egg white was ingested 10 minutes after taking sodium 
bicarbonate with milk the urinary excretion of the drug was comparable to that 
after a like dose injected intramuscularly; but Heatley (9) was unable to confirm 
their results, although he did find that the urinary excretion after taking the dose 
in egg white was more than double that when taken in water alone. Chamey et al 
(5) gave penicillin orally with trisodium citrate, disodium phosphate, Amphojel 
(hydrous alumina), and milk with calcium carbonate, but only the trisodium- 
dtrate and the disodium phosphate in the fasting state increased the amount 
recoverable in the urine to only about one-third that which would have been 
excreted had the same dose been given intramuscularly (2, 22). The hydrous 
alumina gave an intermediate value when compared with the rontrols. In the 
absence of trisodium citrate only five per cent of the dose of penicillin taken after 
breakfast appeared in the urine whereas eleven per cent was excreted when the 
dose was taken with suitable amounts of trisodium citrate after breakfast. Even 
so^ds was only about one-fifth the amount which would have appeared in the 
urine had the dose been injected intramuscularly. Welch and co-workers (23) 
therapeutic blood levels of penicillin which wm ttiainta^ for prolonged 
intervals of time afte^ the ingestion of penicillm solutions to which suspension of 
ahunioum hydroxide or ou^esitun hydroxide were - added dropwise. V^en 
1(X),000 units thus treated with aluminum hydrcadde were taken by deven subjecte 
the average recoverable in the urine during tire next twenty-four hours was only 


‘This study is a contribution from the Departments «rf.Me*cine and Bacto^logy of The 
Ohio State tfniversity under a fellowship sponsored ^ TIm Wm. S. Merrell Company and 
administered by The Ohio State University Resosrch Foundation. 

tAt present, Mbjs P. Stone Fellow in Medical Research in the Department of Medicine 
of Tht Cwo State University. 
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13.6 per cent of the dose. These findings are supported by the findings of Chamey 
et (6) as Well as by tiie present report. McDermott and co-workers (6) gave 
sufficiently large amounts of magnesium trisilicate over a period of three hoiu*s to 
change the pH of the stomach contents to about 8.0 before giving penicillin in 
water, in peanut oil, and in com oil plus beeswax. The average urinary excretion 
during the next two hoxtrs was about twelve per cent in each case although there 
were indications that the oils delayed the excretion somewhat. Gyorgy and his 
associates (7) reported mixed results in the clinical use of oral penicillin with 
trisodium citrate. With doses of penicillin comparable to those customarily given 
parenterally the combination Vas effective in the treatment of gonoccic urethritis 
in males as well as in a few other clinical conditions, but doses as high as 300,000 
units (0.18 gm.®) given orally in combination with trisodium citrate brought about 
•only temporary clinical improvement of gonoccic v^nitis in young girls even 
after thiw such courses of treatment whereas permanent cures were obtained 
when the ^me dose was administered intramuscularly. Krantz and co-workers 
(14) report^ effective scrum levels of penicillin after oral administration with 
basic aluminum aminoacetate. However, the effectiveness of this antacid is 
impossible to evaluate on the basis of their paper since the results of the control 
experiments where penicillin was taken by the same subjects without the antacid 
were not disclosed. 

Florey et al (1) first suggested that the destruction of penicillin by gastric 
acidity might be prevented by using enteric-coated capsules but their attempts to 
use phenyl salicylate coated vehicles were unsuccessful. Burke (12) and his 
associates sealed penicillin in a capsule which was then surrounded by a second 
capsule that was treated by immersion in diluted formaldehyde for five seconds 
followed by 95 per cent alcohol for five minutes. The ingestion of 100,000 units 
(60 mg.*) in these capsules gave serum levels of penicillin comparable to those 
reported by others after the parenteral administration of 40,000 units. Libby (19) 
suggested the administration of penicillin by mouth ipspended in digestible oils 
contained in enteric-coated capsules. In experiments in which the results of suit¬ 
able controls were not reported, he foimd that therapeutic blood levels of penicillin 
were attainable by giving gelatin capsules containing 90,000 units of the calcium or 
sodium salt of the drug sus^nded in cottonseed oil. In view of the results reported 
by McDermott et al (6) it is probable that Libby would have found no therap^tic 
advantage to the use of the suspensions in oil had he tried either penicillin in 
capsules without the oil or simple acmeous solutions. (See under discussion of 
Table I). Recently Perlstein et bI (21) gave penicillin calcium suspended in eqxial 
parts of lanolin and com oil in gelatin capsules by mouth and found that the 
urinary excretion was thereby prolonged. However, the average total recovery 
was only about fifteen per cent or about one-fourth of what it woidd have been had 
the same amount been injected intramuscularly (2, 22). 

In the following studies penicillin was taken by mouth in conjunction with 
various antacids and other adjuvants in attempts to decrease the destruction 
within the stomach and intestine so that the amounts recoverable in the urine 
might be made to approach or equal those recoverable after intramuscular admin- 
istratiem. The results with a single subject are reported to avoid the confusion the 
data would present had the findings with several subjects been considered. It will 
be shown below that a remaricable constancy in the rate of excretion as well as the 
total amount of penicillin excreted occurred at different times in the same subject 


■Since the intemational unit of penicillin has been defined a# 0.5 microgram of the Inter¬ 
national Standard epneistinff of the pure cryatalline sodium salt of penicillin G or II (17, 18), 
it has been proposed (10) that penioiltin dosages might be expressed advantageously on the 
basis of the weight of the pure principlepresent in preparations now on the market rather than 
by the eumbersoma umtage method. The situation is analogous to that proposed by Waka- 
man (lO) for expressing quantities of streptomycin used clinically. 
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under comparable experimental conditions. To avoid frequent, repeated veni¬ 
punctures as well as the assay difficulties encountered in determining concentrations 
of penicillin in the blood, assays were carried out in triplicate by the Oxford Cup 
Method* on voided urines collected at standardized intervals throughout all of the 
experiments. This procedure permitted screening tests to be carried out very read¬ 
ily. The assumption on which it is based is supported by the work of Rantz 
and Kirby (15) who found that several-fold differences in the rate of urinary flow 
in certain subjects were not associated with variations in the plasma clearance of 
penicillin injected intravenoulfly and that the rate of excretion was proportional to 
the plasma concentration. 

Urinary Excretion after Ingestion op 100,000 Units with and without 
Adjuvants Compared with Intramuscular Injection 

In Expt. 1, the contents of one vial of the sodium salt of penicillin (100,000 
units) was dissolved in 20 ml. of sterile normal saline for injection deep intra¬ 
muscularly at two sites on the thigh. The urine was collected one, two, three, four, 
six and eight hours later (Table 1) and immediately diluted with cold one per cent 
phosphate buffer, pH 6.0, for assay. The total percentage of the dose recovered, 
65.1, as well as the rate of excretion was comparable to the data in the literature 
(2, 22) after intramuscvilar administration in other subjects. 

Expt. 2 was similarly carried out except that the penicillin was dissolved in 
only 10 ml. of sterile normal saline and the dose was injected into a single site. 
The very marked catharsis due to the simultaneous ingestion of five grams of U.S.P. 
magnesium oxide did not change the total amount excreted in the urine, 59,2 per 
cent, nor did it alter the rate curve significantly. This may be taken as evidence 
that the difference between an intramuscular dose and the amount recoverable in 
the urine is not due to elimination via the feces. 

The average of the total amount excreted in the urine in the first two exper¬ 
iments is 62.1 per cent of the intramuscular dose. This value will serve through 
much of the discussion as a reference with which values obtained after oral 
administration may be compared. 

Expt. 3. When 100,000 units (00 mg.®) were taken on an overnight fasting 
stomach, 11.4 per cent of the dose was excreted in the urine in the first six hours. 
The results of this experiment wherein a very crude calcium salt of penicillin 
extracted from a surface culture of a strain of Penicillium noiatum^ was ingested 
should be compared with the 11.2 per cent recovered in Expt. 6 where the same 
unitage as a highly refined sodium salt of penicillin extract from a submerged 
culture of the mold was taken orally. Obviously there was no difference. 

The average of the total amount recovered in the urine in Expts. 3 and 6 was 
11.3 per cent. Comparison of this value with the average of 62.1 per cent after 
•ntramuscular injection reveals that only 18,2 per cent as much appears in the 
urine after ingestion on a fasting stomach as after intramuscular injection in the 
subject used. In other words five times as much would be required for oral 
administration in the fasting state. 

The situation when penicillin was administered orally on a non-fasting stomach 
in the same subject is illustrated by the data for Expt. 12 where the total excretion 
was 4.7 per cent of the dose. This means that, based on these data, the subject 
used wo^d have to ingest fifteen times the intramuscular dose on a non-fasting 
siov^ach (compare with Expt. 108). 


*1 am iodebted to Marguerite M. Sullivan for these assays. 
^Obtained fnwn the Northern Regional Research Laboratory. 
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TABLE I 

Urinary Excretion of Pbnicxlun after AoutNidTRATioN or 100,000 Units 






1 Psa CsNT or Doas ExciunsD in 


'Exrr. 

No. 

Homs 

Datv 

CONUnONK UNDBR WHICH PKNIOLUN 


THE 

iNTsavALS (Mrs.) 


Total % 
or Doss 


0-1 

1-3 

2-3 

8-4 

4-0* 

6-6 

Racovaaim 




1 


8/33/46 

In normal aaHne,ncxk4aatiag.. 

89 7 

16.6 

5 1 

3,8 

1 6 

0 3 

66 1 

2 


8/33/46 

In normal saline, non-fasting^.O Rmn 
MgO taken at same time In 300 ml. tup 
water. Marked catharms when each 











specimea was collected . 

28.1 

17,8 

8 0 

2 8 

a 4 

■y 

69.2 

a 

Orftt* 

12/e/44 

In 800 ml. water on an overnight Casting 


3 6 



0 6 






stomach . 

4 7 

1 6 

1 0 


11 4 

i 

Or»!» 

18/8/44 

'Suflpended in 76 ml. U.SP. Cottonseed 
oil Mtowed by 800 ml. tap water on an 
overnight Casting stomach. j 

4 6 

4 2 

1 7 

0 7 

0,6 


II 6 

5 

Oral* 

12/12/44 

1 mg. Atropine CoUowed 10 mioutes later 











by the penieittin dissolved in 200 ml, 
cold tap water on an overnight lasting 



2.6 









3 6 

3.1 

2 1 

l.7» 

0 4 

18 8 

e 

Orali 

8/37/46 1 

In 860 ml. tap water on an overnight 

1 3 



1 

fasting stomach. 

4 7 

8 2 

1 1 

0 9 

j 

U 2 

7 ! 

Oral) 

4/4/46 

In water on an overnight fasting stomaoh. 






1 


1 



10 minutes after taking 6 gms. Al(OH)h 
•uspmded in water ..... ... 

6 3 

4 0 

1 6 

0 8 

0 6 


12 2 

s 1 

Onli 

4/6/46 

In water on an overnight fasting stomach 
followed immediately by 600 ml. tap 
water at 4* C. Another 800 ml. at 
4* C. was drunk when first urine speci- 



1 2 








men was collected. 

8 0 

3 8 

I 8 

l.l 

02 

n 6 

« 

Om1< ^ 

4/17/45 

Disaolved in whites of 3 »{fs 10 minutes 
following 10 gms. of NaHCOi dissolved 
in H pint of homogenised milk on an 







11.6 




overnight fasting stomach . 

1.0 

1.2 

3 8 

1.0 

8 1 


10 

On(i 

6/14/46 

In water on an overnight fasting stomach 











10 minutes after taking 80 gms. of 











powdered egg white dissMVed and sus¬ 
pended in abMt 400 rot. of tap water. . 

8.6 

2.6 

2,1 

1 6 

1.1 

0.1 

10,9 

n 

Oral! 

6/0/46 

Dissolved in egg-nog containing 8 egg 
whites, milk, sugar and vairiUa {mroem- 
ately after a breakfast coosistiAg of 











bacoD egg, toast with batter and hot 
choociate made with milk. 

1,6 

8 1 

1.3 

09 

1 1 3 

03 

8 2 

13 

Oiml> 

6/7/46 

In water 40 minutes after breakfast coo- 
sistinc of orange iuice. toast and butter, 
poached egg, and dry cereal with milk 





i 






and sugar... 

1.8 

i 8 

0,9 

06 

04 


4 7 

18 

Orall 

4/10/46 

Id water tm an overnight lasthig stomach 





1 






10 minutes foUowing 28 cros. of Wfisop 
Granular Coooientrated ilucln washed 



0.7 




i 

U 

OnP 

6/11/46 

dosm with 260 ml. of tap water... 

3.4 

I 7 

03 

02 


6 8 


Dissolved in 4M ml. water containing 
20 gms. glydos on an overnight fasting 


8,7 

30 








stomach . 

8.4 

09 

06 

0 1 

9 T 

IS 

Ont* 

5/14/46 

In water immediately foUowing 5 gms. 
activated charcoal, Merck, susiwoded In 
900 ml. water on an overnight fastinf 



0,3 








stomach ....... 

0.8 

oi 

0.1 

0.1 


0.6 

IS 

Orali 

3/38/46 

In 400 mi. water ooataiiiicig 8 gms. tfi- 





sodium citrate on ap oversight fasting 
stomach . 

7.0 

7.3 

2.4 

1 4 

08 


18.6 

>17 

Om)^ 

fl^8/4$ 

la water On overflight lasting stomach 
followsd Immediately by a aolnttoo of 
6.0 gms» ferric asumonfum citrate in 
about 800 ml. tap water ...... 

».7 

8.0 

3.4 

M 

0.9 

0.3 
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TABLE I—(CM(Mti«{) 


Bxpt. 

No. 

Rovn 

Dais 

CoNomoMs uMoni which PsmcnxjM 
WAS AmoNismsD 

Pbr Csm oe Does Bxaumm m 

THi Intervals (Hre.) 

Total % 
or Dose 
Rjcovereo 

0-1 

1-3 

2-3 




IS 

omi 

6/I4/4ft 

lo water on overnight fastiflg «t<»nach 
followed immediately Iw a sedation of 
5.0 gma. d-dutamic add adjusted to 
pH»S.O withHlMH in about ^ ml. 
tap water. .. 

3,0 

1 

2.1 

1 

1 0 

0,1 

11 0 

IB 

Orali 

S/13/4B 

In water on overnight fasting stomach 
togetiier with an sUiir of ammofliuin 
citrate^ «*»t^*t*4*^ to oontain 5.0 gms. of 
the salt in about 350 ml. tap water 

3.4 

3 1 

2 1 

1.2 

l.O 

0 1 

lO.tt 

30 

Oral* 

S/1B/4S 

In water on ovem&gfat fasting stomach 
foUowsd immediately by 3.0 gms. of 
diammonium add dtrate in sdatiMi in 
about 900 ml. tap water.. 

2 0 

2,3 

0,3 

04 

0 5 

0 « 

0 0 

31 

Oral^ 

1 

0/21/45 

In water on overnight fasting stomach 
fdlowed immediatMy by a suspension 
of 90 j 0 gms. of casein in about 500 ml. ol 
tap water. 

3 0 

1 5 

1.4 

0 S 

0 B 

0 2 

3,3 

33 

i 

Orali 

4/8S/45I 

In water on overnight fasting stomach 
followed immediawy by a suspeosiea 
of 30.0 gms. of seifi in thont 400 ml. Up 
water. 

3 B 

3 3 

1 7 

1 0 

0,9 

0 2 

ID 3 

33 

Oral* 

0/37/451 

One vial dissolved in 30 ml. water, 30 ml 
hydrous slumina (CreamaHn. Liquid) 
slowly stirred in. Immediately drunk 
on overnight fasting ftomach. 

5 3 

5 4 

2 S 

0 B 

0.0 


14.6 


■PemcitUfl Sodium, deep culture. 

*Calciuin Mil cootaimug M.ft vtiiufmg, uidace ctdture. 

*Betimatod value. 

^Regular lunch eaten in thia interval, 

*KiDdIy aunpUed by the Wm. 8. Merrdl Co. i 

*13.9 ml. of a aolution of 13 gm./fl. os. of ammomuin citrate kindly supplied by the Wm. S. Merrell Co. 


Expt. 4. It was felt that suspending the i^icillin in a digestible oil might 
protect it from the destruction by the gastric juice while pennitting its release for 
absorption in the duodenum and jejunum. The results of this experiment, 11.6 per 
cent, indicate that there was no therapeutic advantage to be gained from suspend¬ 
ing penicillin in cottonseed oil for ingestion over giving it in simple aqueous solution. 
This is in contrast to the inferences of Libby’s paper (19) in which the results of 
suitable control experiments were not reports. 

Expt. 5. These data reveal only a slight advantage to the use of atropine with 
a view to decreasing the destruction by gastric juice of penicillin taken orally. 

Expt. 6. Discussed under Expt. 3 above. 

Expt. 7. U. S. P. aluminum hydroxide, dried, ingested with the penicillin 
increased the amount recoverable in the urine slightly to 12;2 per cent. In Expt. 
23, 30 ml. of a suspension of approximately 5.5 per cent aluminum hydroxide 
(Creamalin, Liquid) was slowly stirred dropwise into 100,000 units of penicillin 
dissolved in 20 ml,' oi distilled water and immediately drunk on an overnight 
fasting stomach. This method of mixing increased the amount recoverable in the 
urine during the first six hours to 14.5 per cent. According to these data four 
tiihM as much of the penicillin treated in tliis way Would have to be ii^ested on a 
fasting stomach instead of five times the dose in simple aqueous solution required 
over the intramuscular route. The method of preparation of- the “modified” 
penicillin was essentially that of Welch et al (23) and the amount of the ingested 
dose recoverable in the urine was the same as they reported. 
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Exi*t. 8. Chilling the stomach with large volumes of cold water simultaneously 
with the ingestion of the penicillin did not change the amount excreted in the urine. 

Exex. 9. This work was done to try to duplicate the findings of Little and 
Lumb (8) who reported that sodium bicarbonate in milk followed by penicillin 
dissolved in raw egg white resulted in urine levels of penicillin comparable to those 
following similar doses administered intramuscularly. Heatley (9) was unable 
to confirm this and obviously the data in Table I do not support it in the case of 
the subject used but show instead that the excretion was the same as would have 
occurred had the same dose been taken on a fasting stomach without the alkali 
and egg white. 

Expt. 10. This work was designed to see whether egg white alone would be as 
effective as with sodium bicarbonate and the data showed that this was the cast^ 
This suggests then that by giving penicillin with egg white it is unnecessary to 
keep the individual in the fasting state if five times as much penicillin is given as 
would be required by intramuscular injection instead of the use of thirteen times 
as much in the non-fasting state. 

Expt. 11 . In order to test the protective action of egg white further, penicillin 
was given in an egg-nog containing the whites of three eggs on a non-fasting 
stomach. The total recovered in the urine was 8.2 per cent compared with 4.7 
per cent in Expt. 12 where the same dose of penicillin was taken without egg white 
on a non-fasting stomach. This means that eight instead of thirteen times as 
much would be required to bring the urinary excretion levels up to the values 
attained by intramuscular injection. 

Little and Lumb (8) attribute the protective action of egg white to its sulfur 
content. The acid buffering capacity of the egg white protein itself as well as its 
digestion products as they are gradually and continuously split off by the action 
of acid-pepsin might be important factors in the protective action. 

Expt. 12. Discussed under Expts. 3 and 11. 

Expt. 13. It is generally thought that gastric mucin elaborated by cells lining 
the stomach protect the mucosa from the action of the acid-pepsin. However, 25 
grams of a concentrated mucin preparation swallowed and washed into the stomach 
with tap water followed ten minutes later by 100,000 units of penicillin in water 
was ineffective. 

Expt, 14. The buffering capacity of various substances with respect to 0.100 
N HCl was determined as shown in Table 11. It will be noted that orily five grams 
of glycine prevented the pH from dropping below 3.1 when 150 ml. of the acid was 
added. Since previous experiments* had shown that penicillin was much more 
stable at pH 3.1 than would have been the case at the usual pH of gastric juice 
(about 1.8 or less), 20 grams of glycine dissolved in water was drunk on an over¬ 
night fasting stomach followed immediately by 100,000 units of penicillin in water. 
The resulting total urinary excretion was only 9.7 per cent. 

Expt. 15. Data in Table II show that acid is taken up by an activated carbon 
to a considerable degree. Since penicillin is readily absorbed by activated carbon 
it was decided to tike penicillin orally with it to see whether the penicillin so 
absorbed would be protected from the action of the gastric juice with the thought 
that it might be eluted from the carbon for absorption in the duodenum and 
jejunum. Less than one per cent of the dose was recovered in the urine when five 
grams of Merck's activated carbon was used. 

Expt. 16. This experiment was undertaken to determine whether similar 
results could be obtained with the subject under study as those reported by Char- 
ney, et al (5). The data cotrfirm their findings. ^ When five grams of ti&odiuin 


‘Unpublished d&ta. 
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citrate were ingested on an overnight fasting stomach with 100»000 units of peni¬ 
cillin, 18.8 per cent of the dose was recovered in the urine. This is 30 per cent of 
the recovery after intramuscular administration and 166 per cent of the amount 
recoverable in the urine after ingestion under similar conditions except tha1 no* 
sodium citrate was taken simultaneously. 

Expt. 17. A heavy dose of ferric ammonium citrate proved to be of no ad\^an- 
tage. It was taken with the thought of combining the oxidizing properties of the 
ferric iron with the acid buffering capacity of ammonium citrate. An oxidizing 
agent was used in an attempt to prevent the inactivation of penicillin in the 
strongly reducing medium of the upper intestine since Abraham and Chain (24) 
stated that penicillin was inactivated by such reducing agents as NaHSOs and 
Na2S204 among others as well as by the primary alcohols and Cavillito and Bailey 
(25) and others (26, 27) reported that cysteine readily inactivated penicillin. 

TABLE II 

In the Foixowing Experiments 6.0 oms. of Each Rea gem were Dissolved or Suspended 

IN ABOUT 76 ML. OF DlSTlLLKD WATER AND StIRRED VIGOROUSLY DURING THE ADDITION 
OF 0.100 N HCl WHILE Noting Chances in pH with a Glass Electrode 


ml. 0,100 

N HCl 

TriBodium 

1 Citrate 

Glycrine 

Hk8 

Albumin 

Powder 

Merck 

Activated 

Charcoal 

AmrooDium' 

Glutamate 

Solution 

Ferric 

Ammonium 

Citrate 

Di-J^- 

monium 

Acid 

Citrate 

Ammonium • 
Citrate 
Solution 


^ pH 

pH 

pH 

pH 

pH 

pH 

pH 

pH 

0 

1 8 ft 

6 8 

1 ’ ' 

6 4 

7 8 

ft 4 

6 ft 

5 0 

1 

7 7 

5 1 

6 8 

5 9 

7 7 

ft 3 

6 ft 

6 ft 

2 

7 3 

4 8 

6 5 

5 ft 

7 ft 

ft 2 

5 ft 

5 0 

3 

7 3 

1 4 7 

6 3 

6 3 

7 5 

6 1 

5 6 

5 0 

4 

7 1 

4 5 

6 1 

5 1 

7 3 

0 0 

6 6 

6 U 

5 


1 ^ ^ 

ft 0 

4 S 

7 1 

6 0 

5 ft 

6 0 

10 

6 7 

4 2 

5 3 

3 9 

4 § * 

6 3 

5 ft 

5 0 

16 

ft,6 

i 4 2 

i * » 

3 4 


4 8 

6 0 

B 0 

30 

ft 4 

4 0 

! 4 3 

3 0 

5 7 

4 5 

5 6 

4 9 

25 

6 3 


3 9 

2 7 

6 ft 

4 2 

5 6 

4 8 

30 

ft 2 

3 9 

3 ft 

3 S 


3 8 

5 ft 


40 

6 1 

» 7 

3 1 

2 3 


3 2 

6 5 


50 i 

6 0 

3 6 

2 8 

2 2 j 

5 1 

2 8 

5 4 

4 7 

100 

6 5 1 

3 3 

2 0 

2 2 I 

4 6 

2 2 

5 0 

4 4 

150 

5 0 

3 1 

1 8 

1 7 

4 4 


4 7 

4 1 

300 

4 3 




4 1 


4 4 

.3 9 

350 





3 5 


4 1 

3 ft 

300 







3 8 

3 3 


lA.O Ktns. d-^uUmic odd suspended la water, pH *-3.3. Solution affected by addition of 5.5 ml. of concentrated 
NHiOH. Piwd pH-7.8. 

13,3 ml. of a solution of 12 gm./ff ox. of ammonium citrate kindly supplied by the Wm. S. MerreU Co. 


Expt. 18. Only an insignificant increase to 11.9 per cent excreted in the urine 
resulted from the simultaneous ingestion of ammonium glutamate over the 11.3 
per cent recovery when the simple aqueous solution was drunk. 

Expt. 19. An elixir of ammonium citrate proved to be of no particular 
advantage in spite of its great in vitro buffering capacity as shown in Table II. 

Expt. 20. When five grams of diammonium acid citrate dissolved in water 
were drunk immediately following an aqueous solution of 100,000 units of peni¬ 
cillin on an overnight fasting stomach, only 6.6 per cent of the dose was excret^ in 
tlie urine. This was only about one-third of the recovery resulting when the same 
amount of trisodium citrate was simultaneously ingested .(compare' with Expt. 16). 

Expt. 21. A heavy suspension of casein was found to have a protective capac¬ 
ity mid-way between that of powdered egg white and the non-fasting state 
(compare Expts. 10 and 12). 
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Expt. 22. A heavy suspension of zein was tried because this protein is quite 
insoluble in water and it was felt that it might resist digestion in the stomach for 
8 >me time and thus exert a protein acid-bufferii^ protective capacity longer than 
in the case of soluble proteins. Compared with Expt. 10 it was found to be 
almost as efficacious as powered egg white. 

Urinary Excretion after Ingestion of 43,250 Units 
WITH Magnesium Trisiucate and Other Adjuvants 

The penicillin used in compiling the data in Table III was in the form of tablets 
made up with magnesium tri^icate^ to contain 4,325 units eadi. Ten of the tab¬ 
lets were taken by mouth for each of the experiments under the conditions described 
in the table. 


TABLE III 

Urinary Excretion of Penicillin after Oral Administration of 43,260 Units of 
Tablets Made Up with Magnesiitu Trisiltcate* 


Exrt. 

No. 

Date 

CoNDinOMfi UNDBB WHICH PCNlOUSH WAS 
AminnsTnKD 

PsH Cent op Dose Bxceeted 

IN THE InTSEVAUS (HtS.) 

Total % 
OP Dose 
Rbcovssed 



0-t 

1-3 

3-6 

^4 


101 

1/31/46 

With 300 ml. tap water on an overnight fasting stomach 

3 7 

8 3 

1 8 

1 0 

1 0 

10 8 

loa 

3/3/46 

In tap water on an ovemi^t taating stomach followed 
immediately by 8 gms. U.S.P. sodium bensoate dis- 
solved in tap water .... . . ... 

1 1 

»* 

1 1 

0 6 

0 4 

6 

103 

2/7/45 

In tap water on an overnight fasting stomach followed 
immediately by 0.7 mg. atropine and 75 mg. pheoo- 
barbital . 

2 5 

2 6 

1 9 

1.5 

0 9 

9 4 

104 

3/9/45 

Same as No. 103 except the penicillin wss taken 46 mifl> 
j utes after the atropine and pnenobarbttal were Ingested. 

t « 

a a 

.8 

1.2 

0.9 

9 0 

lOA 

2/12/45 

1 In tap water on an overnight fasting stcmach followed bv 
a suspension of 6 gms. of magnesium trisilicate In 350 mi. 
of tap water. ... 

1 3 

2.5 

0.9 

0.6 

0.3 

5 1 

106 

2/14/45 

In tap water on an overnight fasting stomach followed 
immediately by a suspension of 5 gms. of magnesium 
oxide in 400 ml. of tap water ... 

09 

0.6 

0 I 

0 

0 

1 6 

107 

3/16/45 

In tap water on an overnight fasting stcmach followed 
iminedlately by 5 Cresmalin tablets (hydrous alumina) 
which had soaked overnight in water 

3.6 

3.9 1 

1.3 

0 6 

0.4 

8.8 

108 

2/34/45 

With 1 pint of homogenised milk 1 hour after breakfast 
corsisttng of bacon, 1 egg, toast and butter, hot choco¬ 
late made with milk, and half grapefruit ... 

0 3 

1 0 

1 0 

1 

0 4 

0.5 

3 1 


‘Kindly supplied by the Wm. S. Merrell Co. 
‘Regular lunch eaten in this interval. 


Expt. 101. 43,250 units were taken on an overnight fasting stomach. The 
10.8 per cent total of the dose excreted in the urine compared closely with the 
amounts recoverable when 100,000 units were ingested (see discussion of Expts. 3 
and 6). Obviously the incorporation of magnesium trisilicate with the penicillin 
in the tablet was not advantageous. 

Expt. 102. It is well known that the ingestion of sodium beneoate results in 
conjugation wi^ glycine in the liver to form hippuric acid which is then excreted 
in the urine. Beyer et al (28) showed that the simultaneous intravenous admin* 
istration of p-amino>hippuric acid with penictllin resulted in greatly proloiupng 
the urinary excretion of the drug with attendant increased blood levels for iMg 


^Obtained from the Wm. S. Msrrell Co. 
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intervals of time. It was thought that the ingestion of sodium benzoate with 
penicillin m^ht result in the delayed excretion of the latter because of preferential 
excretion by the kidne3rs of the hippuric acid formed in the liver from the sodium 
benzoate. Neither the total amount recoverable nor the rate of excretion data 
support the hs^pothesis. 

Expts. 103 and 104. These data demonstrate that destruction by the gastric 
juice of penicillin taken orally was not significantly altered either by taking the 
<irug simultaneously with atropine or by taking it after atropine at a sufficient 
interval for any maximal effect of the atropine on the secretion of gastric juice to 
have occurred. 

Expt. 106. These data show that the simultaneous ingestion of a large dose 
of m;^nesium trisilicate with penicillin had a deleterious effect on the amount of 
antibiotic activity recoverable in the urine. Possibly the magnesium trisilicate 
absorbed the penicillin and did not release it, or it may greatly prolong the empty¬ 
ing-time of the stomach similar to the view held by some concerning the action of 
sodium bicarbonate (13). 

Expt. 106. When five grams of ma^esium oxide were taken as an antacid 
simultaneously with the tablets contaming the penicillin, marked catharsis 
resulted. The data show that the penicillin may have been washed out of the 
stomach and intestine in the voluminous, watery stools. This was true both with 
respect to the total activity recoverable as well as the rate at which penicillin 
appeared in the urine. If the interpretation that the penicillin was washed out in 
the feces be valid, then the question arises as to whether the absorption from the 
gut into the blood stream normally may be only a slow process. 

Expt. 107. The results of this experiment are at variance with those of Expts. 
7 and 23 in that hydrated alumina (Creamalin, Tablets) were not effective in 
preventing the destruction of penicillin taken orally under the conditions of the 
experiment, 

Expt. 108. Here the penicillin was taten about an hour after a meal and the 
data confirm the results of Expt. 12 (Table I). The recovery was only 3.1 per cent. 
When this is compared with the results of Expt. 101 it is seen that less than thirty 
per cent of the recovery when the drug was taken on a fasting stomach was 
obtained. These data mean that about twenty times the intramuscular dose 
would be required on a non-fasting stomach to bring the urinary excretion to the 
same level (compare with Expts. 3 and 11).* 

Discussion 

The data in these studies show that the maximal amount of oral penicillin 
recoverable in the urine was less than one-third of the antibiotic activity excreted 
in the urine after the same dose was injected intramuscularly. That this was 
true in spite of the simultaneous ingestion of large amoimts of various antacids 
leads to the thought that gastric acidity is not solely responsible for the destruction 
of ingested penicillin. Rammelkamp and Helm (3) found that only 22.7 and 
39.6 cent cd the ingested dose appeared in the urine of two achlorhydric per¬ 
nicious anemia patients. Previous experiments* have shown that sixty-six per 
cent of the original^ activity was retained for twenty-four hours at 37® C. at pH 6 
in In Table? II it is seen that sufficient amounts of trisodium citrate and 

diammonium acid citrate were ingested with penicillin to have maintained this pH 
jn the presence of ISO ml, and 100 ml. of one-tenth normal hydrochloric acid 
respectively. In spite of this similar in vUro buffering capacity, the data in 
Tabte I (Expts. 16 and 20) demonstrate that there was a three*-^!^ difference in 


•Unpublwhed data. 
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antibiotic activity in the urine. Since penicillin was taken with these buffers on a 
fasting stomach and was not followed by food, it is probable that little if any free 
hydrochloric acid was present or appeared soon after ingestion took place. Further, 
the bitter and nauseating concoctions probably would have inhibited gastric 
secretion for some time. Moreover, the data show that more than one-third of the 
total amount excreted appeared in the urine during the first hour when, according 
to the data of Bergeim (30), an average of only 0.07 per cent of free hydrochloric 
a<'id appears in the gastric (contents during the first forty-five minutes after a meal. 

It is thought that the decreased efficacy of oral penicillin, aside from that which 
does occur due to destruction previously by gastric acidity, may be due in large 
part to inactivation in the liver when the penicillin is absorbed into and carried 
by the portal system directly to that organ from the gastro-intestinal tract. The 
critical experiments of Florey et al (1) on this point merit repetition since their 
results were not conclusive in view of the small amounts of the drug which they 
had available ;for use in such experiments at that time. Recently Perlstein et al 
(20) presented evidence that the hypothesis could be correct and that the penicillin 
may be inactivated in the liver by coupling with glucuronic acid similar to the 
inactivation of aromatic acids, phenols and alcohols by conjugation with this 
acid (29). No suitable adjuvant which might prevent such c'onjugation is foreseen. 

Conclusions and Summary 

Bearing in mind all of the advantages and limitations imposed by the use of a 
single subject, the data presented in this report seem to justify the following 
conclusions with respect to that subject. 

1. Five times as much penicillin is r^uired to be ingested on a fasting stomach 
to give the same excretion of penicillin via the kidneys as by intramuscular 
injection in the subject used. 

2. Thirteen to twenty times as much is required orally in the non-fasting state. 

3. There is no difference between the penicillin extracted from surface cultures 
of the mold compared with submerged cultures with respect to destruction when 
taken orally as judged by recovery of antibiotic activity in the luine. 

4. The same proportion of the ^tibiotic activity is recoverable in the urine 
when the same dose (based on antibiotic activity) of ^ very crude calcium salt of 
penicillin is ingested compared with a highly refined sodium salt of the drug, 

5. There is no therapeutic advantage to the oral administration of penicillin 
suspended in cotton-seed oil over a simple aqueous solution of the drug. 

6. Atropine taken simultaneously with oral penicillin or forty-five minutes 
before the antibiotic was ingested did not increase the proportion excreted in the 
urine over that recoverable when atropine was not taken. 

7. Aluminum hydroxide taken with penicillin either did not change or 
increased only slightly (deprading on the method of mixing) the amount of anti¬ 
biotic activity recoverable in the urine. At best four times as much penicillin 
would have had to have been taken with the aluminum hyt^xide cm a fasting 
stomach to have given the same amount of excretion via the kidneys as by the 
intramuscular route of administration of penicillin. 

8. Ferric ammonium citrate, ammonium glutamate, elixir of ammonium 
citrate, diammonium acid citrate, magnesium trisilicate, magnesium oxide, 
glycine, activated carbon, sodium benzoate, concentrated mucin, casein, and zein 
when ingested simultaneously with penicillin on a fasting stomach either decreased 
or did not alter the proportion of the antibiotic activity recoverable in the urine 
compared with oral administration in tap water. 
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9. The ingestion of five grams of trisodium citrate with penicillin increased 
the amount of the dose recoverable in the urine by sixty-six per cent over that 
recoverable without the salt but the amount in the urine was still only thirty 
per cent of that recoverable had the same dose been given intram^scnilarly. 

10. Ingestion of penicillin with raw egg-white with or without sodium bicar¬ 
bonate resulted in the same proportion of the penicillin being excreted in the urine 
as after taking the same dose with tap water on a fasting stomach. 

11. Chilling the stomac’h with large volumes of cold water did not increase the 
amount of orally administered penicillin which appeared in the urine. 

12. The capacity for the increased destruction of penicillin taken with food 
compared with oral administration in the fasting state persisted for several hours 
after the food was eaten. 
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The Bice Destiny 

The Dice of Destiny is a timely book. These are days when some scientists must leave 
the ivory lab bng enough to present in clear and simple language to the many the facts known 
to the few. Knowledge and good-will are both necessary if man is to control his destiny for the 
common gc^. Neither alone will suffice. 

Dr. Rife, for many years a specialist in the field of human heredity, has made a notable 
contribution to a bettv understanding of human nature in this little book. He has chosen 
wisely in title, in content, and in metl^ of presentation. The book is to be recommended as 
much for omission of subject material as for what is included. Without attempting to chart 
a course for the unsuspecting reader through the tortuous diannels of modem genetics, the 
author has presented in compact form a wealth of pertinent facts on inherited variations as 
found in individuals, families, and races. He has dealt largriy, though not exclusively, with 
genetic alternatives widely spread in human populations rather than with rare inherited 
abnormalities. 

The first chapter bcjgins with: ‘‘Take a piece of paper from the enveli^ on the back inside 
cover of the book, put it in your mouth and make a paper wad of it. Does it taste bitter?" 
This is perhaps the first time that an author has invited his rcading^blic literally to taste a 
book. Even though that initial taste proves bitter, as it will to about 70% of readers, the reviewer 
will venture that few will stop until they have fed well on the substantial meal which fonows. 

A C'oncise discussion of the inheritance of taste, blood groups, hair, skin and eye cc^or, sex 
and sex-linked characters, twixm^, finger-prints, handeonees, mental cap^ity, and special 
abilities is included. Racial variations in these and other traits are considei^. A sound 
presentation of the relative roles of heredity and environment, of eugenic methods and their 
probable results, and of racial and individual variations, ^ves the reader a background for under¬ 
standing the problems of human nature. In the cloamg dukpter, "Genes and Democracy," 
current fallacies about race are exposed, a glimpse of possible scientific advances leading to 
improved environment is given, and an equality of opportunity for all is urged. 

Unfortunately the book, otherwise attractive in format, is marred by freq;ttent typom;^cal 
errors. It is to be hoped that these will be corrected in a second printing, as some of them will 
prove confusing to the general reader,—Wafr«f P. Spencer. 

The Dice of Deatiayf An Introduction to HarediW and Radal Varlatlonat by David C. Rife. 
163 pages, 23 figures and 14 tables. Long’s College Book Co., Columbus, Ohio, 1945. $176. 



STUDIES IN LABORATORY REARING OF ANOPHELES 
QUADRIMACULATUS SAY^ 


ROBERT L. PEFFLY, RALPH H. DAVIDSON and HAROLD A. WATERS, 
Entomological Laboratories, 

The Ohio State University 

Since a constant supply of healthy^ vigorous, adult mosquitoes was needed 
for use in various studies being made on insect repellents, laboratory rearing 
of Aedes aegypti and Anopheles quadrimactdaius was initiated. No difficulties 
were encountered in rearing Aedes but the same cannot be said for Anopheles, 
consequently this paper deals only with the latter species. 

A generous supply of Anopheles quadrimaculatus eggs was obtained from the 
U. S. Department of Agriculture, Bureau of Entomology Laboratory at Orlando, 
Florida, in November, 1943. The method of rearing followed at that time was 
obtained from notes made by Dr. C. E. Venard at Orlando and from the publication 
by Crowell (1940). In following these methods certain difficulties were encountered 
in rearing the larvae through the four instars. It was learned that other lab¬ 
oratories were having similar rearing troubles. This paj)er is written to report 
several modifications of the above mentioned techniques with the hope that the 
suggestions offered will be of value to those now engaged in similar work and 
helpful to those who may later become interested in such activity. 

The rearing room was 11 x feet with a ceiling 10 feet high and lighted 
by a fluorescent lamp containing two 40-walt white tubes, which was on only 
during the day. The temperature was maintained at approximately 80° F. and 
the relative humidity varied from 40 to 70 per cent, but most of the time it was 
very near i'K) per cent. 

Adults. —The adults for egg-laying were maintained in a Hi mesh screened 
thirty-inch cubical sleeve cage. Water was available to the mosquitoes in the 
oviposition pan. As a source of food each cage was supplied daily with a piece 
of absorbent cotton approximately one inch square saturated with a 5 per cent 
honey solution in water and in addition a blood meal was furnished by allowing 
them to feed from the clipped belly of an immobilized rabbit introduced into 
the cage for one-half hour. The rack for holding the rabbit was similar to that 
used by Campbell, Barnhart and Hutzel (1941) with the exception that the bottom, 
sides and ends were completely enclosed. This eliminated all hiding places and 
very few mosquitoes escaped into the room when the apparatus was removed from 
the cage. Another precaution taken to prevent escape was the use of a rubber 
tube from a compressed air line to blow the mosquitoes off the rac'k and away 
from the sleeve as the rabbit was being withdrawn. It was foiind that the rabbit 
lay more quietly if its head was not exposed to the mosquitoes in the cage, conse¬ 
quently the sleeve of the cage was pinned around the neck and the head remained 
outside. 

The population was maintained by placing jars containing pupae in the sLoc^k 
cage. A screen wire cone with «ich opening at the top was placed over ea('h 
jar to allow the emerging adults to escape into the cage, but prevent egg-laying 
adults from ovipositing in them. On alternate days a 5^ x 5*" cylindrical scretm 
wire cage with a V x V opening and a sliding celluloid lid was placed over a jar 
where emergence was underway and the adults thus obtained were placed on a 
shelf to give a series of cages of ‘‘dated^' mosquitoes for use in laboratory tests, 

^The work descrilwd in this paper was done tmder a Cfontract recommended by The Com¬ 
mittee on Medical Research, between The Office of Scientific Research and Development and 
the Ohio State University Research Foundation. 
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Eggs. —For oviposition a white enameled pan 10 inches in diameter and 
inches deep containing water to a depth of 1 to 2 inches was placed in the stodc 
cage daily. On the following d^ it was removed and all adults picked from the 
surface with a pair of forceps. The water was siphoned off by means of a device 
made from a block of wood in thickness, and a glass tube with dimensions as 
shown in Figure 1. The pan was set on a gently sloping surface so that the water 




Figa. 1 and 2, Devices for concentrating Anoi^eline eggs. 

would run to the lower side. The flow from the siphon was 8t<^ped just as the 
floating eggs near the outlet were about to be carrira oR in the stream of water. 
The eggs were left on the sides and bottom of the pan. They were titen washed 
into a 100 ml. beaker by means of a wa^ bottle, and the contents poured dowly 
into a funnel sieve. Care should be exercised especially when large batches of eggs 
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have been collected as they may partially block the pass^e of water and rapid 
pourir^ may result in an overflow. The funnel sieve shown in Figure 2 may be teld 
in position by a burette clamp on a ring stand or held in the hand while the eggs 
are being washed from the beaker. It consisted of a glass tube four inches in 
length, open at both ends, the outside diameter of which was three-fourths inch 
and large enough to allow the top half of a 10 ml. delivery pipette with the end 
covered with two thicknesses of a fine mesh organdy to fit snugly inside. After 
the eggs had been washed into the funnel, the delivery pipette was pushed upward 
through the open tube and the organdy removed. 

The eggs were placed in an enameled pan 10 inches in diameter to hatch. The 
pan was filled with water to a depth of Ij^ to 2 inches. A paraffined cardboard 
ring, 314* o d. and 214* ‘ d. was floated in the water. This was used to prevent 
the eggs from floating to the edge of the pan and adhering to the sides following 
evaporation of the water. The organdy covered with eggs was then placed on the 

TABLE I 

A Comparison of Rate of Larval Deveiaipment in Shallow versus Deep Water 


Number Days After Hatching 

Number Pupae Coixextteo 

Shallow Water 

Deep Water 

10. 

2 

0 

11. 

14 

0 

12. 

38 

0 

13 . 

34 

5 

14. 

51 

24 

15. 

60 

63 

16. 

32 

45 

17. 

18 , 

52 

18. 

5 

51 

19. 

0 

11 

20. 

0 

6 

21. 

0 

2 

Total Pupae . 

250 

250 

Larval Mortality . 

7 

22 

Percentage Mortality. 

2 7 

8 5 


surface of the water inside the ring. The ^gs floated olf and the cloth sank to 
the bottom and was carefully removed with a psur of forceps. Two da}rs after the 
eggs had been “set," hatching occurred. Several counts of the total number of 
larvae hatching from one day’s supply revealed than from 3,000 to 10,000 eggs 
WQ|e deposited. 

LiARVae. —^Following hatchii^ 260 larvae were counted into each of two oblong 
Pjnex di^es (No, 232) containing approximatdy 150 ml. of water. The number 
of larvae could be determined quickly and accurately by the use of an ordinary 
medicine dropper ami a Veeder hand tally or counter. Ginups of recently hatched 
larvae were sucked up in the medicine drt^per and as they were dowl^ forced out 
into the water in the dish the number was recorded on the counter in the other 
hand. A white background was necessary in order to see the larvae easily. No 
further manipulation was required until pupation occurred. 

The Pyrex dishes were selected because' thejr were a standard product generally 
available, they had a fiat bottom and were uniformly rectangular in shape which 
made possible dfident use of shelf space. They were 12 inches long, 8 inches 
wide and 2 inchM high. 
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Depth of water was determined by a study of larval development in shallow 
and deep water. Two Pyrex dishes (No. 232) were used in the test» each containing 
approximately 250 larvae. Water depth in one was maintained at one-eighth 
inch which required 150 ml. of water, and in the other at one-half inch, requiring 
600 ml. of water. The quantity of powdered food supplied each dish was the 
same. Repeated tests gave results similar to those shown in Table I. 

These data show that the larvae in the shallow water developed more rapidly 
than those in deep water and with less mortality. This may be due to the fact 
that larvae in the shallow water swept the bottom with their mouth brushes and 
obtained the food that settled. They can do this with their respiratory plates 
remaining at the surface. The water was clear with no scum, and very few 
organisms such as bacteria or protozoa could be found indicating that they were 
unnecessary for proper larval development. The pupae from the deep water dish 
were smaller in size indicating inadequate food supply. Additional food added 
to the deep water dish to compensate for that which the larvae could not reach 

TABLE II 

A Comparison ok Rapes of Deveix)pment ok Larvae Using Do(. Food 
AND Yeast in Different pRomRiioNs 


N CM HER Pupae Coixetted Daily 


Number Days After Hatching 

Dog Food and 
Yeast, 

Equal Farts 

Dog Food -1 part 
Yeast —2 parts 

Dog Food'~2 parts 
Yeast “Ipart 

9 . 1 

9 

I 

1 

10 ! 

59 

21 

15 

11 , 

93 

91 

81 

12 , 

67 

88 

82 

13 ., , 

14 

28 

53 

14 , 

1 

8 

11 

15 

0 

! 

1 

Total Pupae 

243 

238 

244 

Mortality 

7 

5 

9 

Percentage Mortality 

2 6% 

2 06'/o 

3 56% 


because of settling, resulted in scum formation, a considerable amount of gelatinous, 
flaky, suspended material and murky water Microscopic examination of the 
water from such dishes revealed a very high population of bacteria, principally 
Esherichia coli and protozoa of the genera Oikomonas, Harlmanella, and Colpoda 
as determined by Professor W. J. Kostir and Dr. C. E. Venard. All these protozoa 
are air borne forms and primarily bacteria feeders. Once a dish became clouded or 
murky, death of most of the larvae was certain and if held for further development, 
a few larvae usually reached the pupal stage but the rate of development was 
greatly retarded. Results indicated that when this occurred it was best to 
dispose of the contents of the entire dish. An over-abundance of food, especially 
in the earlier instars increased the number of cloudy dishes. 

A logical explanation for the greater mortality in the deep water dishes seemed 
to be that the excess food resulted in an abundance of bacteria, which appeared 
to be an ideal medium for protozoa because they increased greatly in numbers. 
The bacteria, being anaerobic, deoxygenated the water and along with the excess 
of food, a scum was produced on the surface that interfered with the dissolving 
of oxygen of the air into the water. The scum also clogged the respiratoty plate ‘ 
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of the larvae causing them to struggle to free the plugged area, resulting in many 
of them being trapped in the flaky» gelatinous suspended matenal. 

The larvae were fed twice daily with a mixture of equal parts by weight of 
finely ground^ Purina dog food and powdered dried brewer's yeast. This mixture 
was tried in other proportions for effects on develojDment and the results are shown 
in Table II, Peak pupation was reached more quickly when equal parts of dog 
focxl and yeast were used and mortality was greatest when dog food predominated 
and lowest when yeast predominated. 

Studies were made on the amount of food required for each instar and the 
results are presented in Table III. Because all the larvae did not molt at the 
same time a safe range on quantity of food was given for the third and fourth 
in stars which were the periods of greatest growth and food consumption With 
practice an approximation of these amounts could be administered by means of 
tapping a salt sliaker containing the food mixture a given number of times Just 
as the food landed on the clear and ambered colored water, the small fiarticles 
sc’atlerod rapidly over the entire surface. It was noted that this surfat'e tension 
reaction did not take place in the dishes where the water was clouded 

TABLE JIl 

ycANTiTiKs or Food for Each Insiar Rkch’irkd Twk k Dah.y jor 250 I^\rvaiv 


MiLLKiRAMS or- l'V)oD FIvR DisH Ol 250 LaKVAE, 
Fed Twice D\il\ 


Instars 



1 

2 

3 

4 

Slow Growth 

Love Mortality 

Water Clear 

10 

‘ 20 

50 

76 

Nonnal Grou th 

Low Mortality 

W'ater Clear 

20 

30 

t>0 80 

Hi) 90 

Normal Growth 

High Mortality 

Water murky plus scum and suspended 
flaky food material 

30 

40 

!;o 

100 


Before the shallow water technique was proven .to be superior to that of using 
deep water, a study was made of the possibility of changing the physical properties 
of the food so that it would float on the surface for several hours. After numerous 
trials this was ac'complished by thoroughly mixing 1(K)-175 ml. of water with a 
mixture of 50 grams of powdered dried brewer’s yeast and 50 grams of finely 
ground dog food using an elc<'tric kiU‘hen mixing ma<'hine. A teaspoonful of the 
resulting paste was -then placed in the center of one-half of a sheet of waxed paper 
6x12 inches. The other half of the paper was folded over the mixture and pressed 
between two panes of glass. This quantity of food mixture made a very thin layer 
six inches in diameter when treated in this way. When all of the food mixture 
had been pressed, the halves of the papers were separated and allowed to dry, after 
which they were crumpled to remove the flakes of food. These were broken up 


•Laboratory model ‘‘Micropulverizer” with Herring bone Screen No. 035H B. SI. 
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SO as to pass through 30 mesh screen, but in breaking them up some fine particles 
were produced and these were removed by siftii^ through an 80 mesh screen. 

A check was then made on the relative merits of flaked versus powdered food 
in deep and shallow water. Two Pyrex trays were filled with 150 ml. of water and 
two with 600 ml. of water. Into each tray was then counted 255 larvae. The 
trays were fed once daily the same quantity of food. The results are given in 
Table IV. Repeated tests gave similar results. 

TABLE IV 

A Comparison of Rate of Development and Mortality in Shallow and Deep Water 
Using Flaked and Powdered Food 


Number Days After Hatching 

Number Pupae Collected 

Powdered 

1 

Flaked 

Shallow 

Deep 

Shallow 

Deep 

10 . 





11 . , 

42 

7 

30 

12 

12 . 

126 

56 

89 

48 

13 . 

65 

82 

84 

76 

U, . 

1 

IB 

42 

69 

16.: 


13 

8 

36 

16. . 


4 

1 

16 

17 . . 


1 


a 

Total pupae. 

233 

181 

254 

248 

Percentage Mortality. 

8.6% 

29 0% 

0 89% 

2.7% 


The results indicate that when powdered food was used the shallow water 
technique was superior to that of using deep water. Where flaked food was iwed 
very little difference in mortality resulted. The pupae from the deep water trays 
receiving powdered food were noticeably smaller. Since making fial^ food is an 
additional chore its use is not recommended even though in this test it gave slightly 
lower mortality than powdered food in the fallow water trays. 

Pupae. —The pupae were removed daily by means of a wide mouth medicine 
dropper and plac^ in four to six inches of fresh tap water in jars six inches in 
diameter. Jars this size will accommodate 000-800 pupae. Following removal 
of pupae the larvae from the last two or three dishes were combined into one di^ 
to conserve space. The above described technique produced a daily average for 
the 714 inonth period from December 1, 1944, to July 22, 1945, of 4M pup^ with 
94.8 per cent emergence and peak pupation in from 10 to 13 days after hatdiing. 
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CHERMES ALNI, TWO CENTURIES AFTER KALM 
(HOMOPTERA: PSYLLIIDAE)i 


JOHN S. CALDWELL, 

Circleville, Ohio 

Apparently the definition of Chermes alni Linnaeus and the limitations imposed 
by the definition in the tenth edition of Systema Naturae, page 454, 1758, have 
either been ignored or not thoroughly investigated and the definition in Fauna 
Suecica, page 263, 1761, has been considered the original description; thus the 
entire concept of Chermes alni has been taken from this latter work. In his 
“Tenth EditionLinnaeus states, **Habitant in Bettdae Alni ramulis Lar^Wt 
caudis plumosis tectae, in America septentrionali. Kalmy There is nothing in the 
International Rules of Zoological Nomenclature that invalidates this description. 
Since Peter Kalm is cited as collector of the insect under discussion any ecological 
data furnished by Kalm is certainly valuable and can not be discounted because 
of acquisition prior to 1758, An insect must be collected before it can be described 
and any data, whether pinned on the same pin as the specimen or not, should 
accompany the specimen. It is of further interest to note while Linnaeus’ descrip¬ 
tion of alni in the tenth edition has been ignored for purposes of original description, 
the North American record as taken from that work has been carried through the 
years and has recently resulted in Psylla alni americana Crawford being placed 
as a synonym of typical alni on the grounds that since alni was described from 
America americana must represent this form.® It should be noted in this con¬ 
nection that the American form described by Crawford as americana is known 
only from the far West. Had Kalm’s notes been consulted it is not likely that this 
action would have been taken. 

The English version of 1770, of Peter Kalm’s travels in North America revised 
from the original Swedish and edited by Adolpli B. Benson, on page 81, reads, 
“Chermes on the alder {Chermes alniy were today found in great abundance on 
the branches of that tree, which for that reason looked almost white and at a 
distance appeared as if it were covered with mould.” This account appears under 
Kalm’s entry of October 3, 1748, on the journey to Wilmington, Delaware, from 
a farm near Philadelphia, Pennsylvania. These data with the original description 
furnish enough information to identify the insect as the only species covered 
with white flocculent material occurring in dense masses on the branches of alder 
in late fall in the vicinity of Philadelphia, Pa. On October 7, 1945. I was able 
to collect from alder imm^iately north and east of Philadelphia, and on October 12, 
1945, I collected from alder immediately south and west of that city. Not one 
specimen of Psylliidae was taken from alder. Anyone contending that Kalm 
observed a species of Psylliidae has yet to report the occurrence imder conditions 
described by Kalm of such an insect from Extern North America to say nothing 
of the Philadelphia area. The topotypic insect found in such numbers as to make 
the alder branches appear covered with mould has been identified by the Bureau 
of Entomolo^ and Want Quarantine, Division of Insect Identification, as Pro- 
cipkUus lesseUaiui (Pitch); therefore I am convinced that Kalm observed the 
insect known as Frociphi^ tesseUalus (Pitch) and that this species is a direct 
synonym of Chermes alfU Linnaeus. 

*An ehkotdAtion of the facts for authority to use the family name Psylliidae instead of 
Psyltidae or Chermidae. (Sec: Jr. N. Y. Ent. Soc. 52; 1944.) 

*Tttthilt, L, D., Iowa State College Jr. Sci. 17; 480-461. 1643. 

•The original teada, “CAermw alni Ldnnei Faun. Suec, 668." (See; En Resa til Norra 
America 2tlOT, 1758.) 
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Since alni belongs in the Aphioidea and is the type species of the type genus 
Psylla, the family name goes with the zoological concept into the aphids. The 
next available type designation, which will maintain the zoological concept, is 
Kirkaldy’s Psyllia, type pyri (L.) making the family name Psylliidae. Kirkaldy’s 
type designation is definite and valid under the “Code^’ regardless of the i*easons 
upon which he based his decisions. By admittance of these facts the old con¬ 
troversy of Chermidae vs. Psyllidae, which arose from Geoffroy's noncommittal 
treatment of a composite group that resulted in differences of opinion as to his 
intent, is legitimately and logically b 3 rpassed. There is no need to submit the 
question of Chermidae vs. Psyllidae to the International Commission for an 
opinion. Those who wish to presen^'e either name as a '^nomina conservanda'' 
must now submit a name based upon an intcr])retation of Geoffroy’s intent as 
opposed to a name acceptable from both a zoological and nomenclatural 
viewpoint. 


A NEW SPECIES OP TILLUS FROM ARIZONA 
(COLEOPTERA: CLERIDAE) 

JOSEF N. KNULL. 

The Ohio State University' 

Tilius patagonifte n. sp. 

Male .—Somewhat resembliug TtUus collaris Spin, in bim, color and shape. Head, pro- 
thorax, scutellum, and last two visible ventral segments of abdomen reddish brown; elytra black; 
abdomen, antennae, and legs dark brown, tarsi lighter. 

Head convex, surface finely densdy punctured, light pubescence short; labrum entire; 
eyes emarginate, finely granulate; antennae with eleven segments, extending to basal fourth of 
elytra, segments five to ten inclusive serrate, slightly longer than wide. 

Pronotum longer than wide, wider at apex than at base, widest in middle; sides sinuate; 
disc convex, with transverse depression near base and on anterior fourth; surface finely, densely 
punctured, light pubescence about same length as on head. Scutellum small. 

Elytra muih wider than widest part of pronotum, widest on apical third; sides subparallel 
near base, expanded back of middle, apices broadly rounded to suture; disc convex; surface 
with c'oarsc punctures arranged in rows, separated by less than their own diameters, interspaces 
narrower thari punctures, not visibly punctate, light pubescence short, dense. 

Abdomen beneath shining, minutely punctured, pubescence sparse. All five tarsal segments 
visible from above. 

I.,ength 4 mm.; width 1.6 mm. 

Female. —I.,ast three visible ventral segments of abdomen reddish brown. 

Variations ,—Some specimens have the head dark, basal s^ments of antennae and abdomen 
lighter brown. 

Described from specimens collected in the Patagonia Mountains, Arizona, on July 23, by 
D. J. & J. N. Knull. Male holotypc, allotype and paratypes in writer’s collection. Poratype 
in c'ollection of The Ohio State University. 

This species has shorter, wider elytra than T, coUarts Spin* Elytral punctures are smaller 
and short, dense, light pubescence gives the elytra a gray appearance. 


'Contribution from Department of Zoology and Entomology. 



A PHYLOGENETIC STUDY OF THE FERNS OF BURMA 


FREDERICK GARRETT DICKASON. 
Judson College, Rangoon, Bunna, 
and 

The Ohio State University, Columbus, Ohio 


L Introduction^ 

The purpose of this study is to atrange the ferns of Burma in the most natural 
^stem possible according to observed patterns of variation within the fern group.* 
This go^ cannot be fully achieved at present because of the very inadequate 
paleontological record and the very incomplete knowledge of the morphological, 
anatomical, physiological, and chemical characters of both sporophyte and 
gametophyte generations of the genera and species involved. As Carl Christensen 
(1938) has pointed out, many important features observed in a single or few related 
species are not yet known to be characteristic of all species of the same genus; 
as a matter of fact hardly one character ascribed to a genus is to be found in all 
its species! Phylogenetic systems of classification of ferns to date should be 
recognized as provisional attempts to fit together and integrate the growing 
evidence available from all sources and to record tentative conclusions as to 
relationship. 

The interpretation of data is a prime factor in the building of any phylogenetic 
system, for the seriation of individuals and groups depends upon the phylogenist’s 
concept of progression. Phylogeny is in disrepute in some quarters (Bremekamp, 
1942) because of the wide difference in interpretation of the same data. Since 
validity of the system rests upon the validity of the interpretation, it is essential 
that the principles of interpretation be clearly stated. It may well be that some 
of the elaborate taxonomic structures we have bj^iilt are—like every other building— 
only structures. The quicker such fabrications are recognized and demolished, the 
quicker we will get to that final goal, a natural classification. 

PHYLOGENETIC CONCEPTS AND THEIR MEASUREMENT 

Somehow or other the present forms of life have arisen from fewer forms. 
Phylogenists attempt to systematize these organisms according to their true 
relationships. Inasmuch as some of the bases for such systems are of doubtful 
validity, a consideration of the concepts involved will be of value. 

It is often taken for granted that recent ferns are more advanced than ancient 
ones, but this is not necessarily so. Eames (1930) states that some of the oldest 

^Papers from the Department of Botany, The Ohio State University, ColumVms 10, Ohio, 
No. 400. 

•This paper represents part of u dissertation accepted by the Graduate School for the 
doctorate degree from the Ohio State University. 

*My thanks are due to Dr. R. R. Stewart, Head of the Botany Department of Gordon 
College, Rawalpindi, Jndia, for his continued encouragement, his aid in prelinunary identifica¬ 
tion, and for his loon of Burma specimens after my Rangoon collection was m the hands of the 
Japanese; to the late Dr. Carl Christensen for his identification of my specimens of Dryoptens 
and Polysluhum; to the late Dr. John H. Schaffner for his clearcut teaching on phylogenetic 
taxonomy: to the Chicago Museum of Natural History for the loan of the fern specimens 
oolketed by the Cutting Sikkim Expedition of the Field Museum; to the Rev. Harold Young 
for permission to study and name his fern collection made along the StUwell Road on the 
Assam-Burma border; to the Arnold Arboretum for financial assistance in collecting in Burma; 
to Prof. C. A. Weatherby for making available the facilities of Gray Herbarium; to Dr, W. R. 
Maxon for bis aid in identification and his kindness in making available the facilities of the 
U. S. National Herbanutn; and to Dr Lois Lampe and Dr, E, N. Transeau of Ohio State Uni¬ 
versity for their rea^ng of this manuscript and their helpful suggestions. 

it 
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known forms of the Psilophytales are the most complex of that group suggesting 
that there must have been a long antecedent period of evolution. Campbell 
(1940) has pointed out that the Cycadofiiicales may be considered as either the 
most advanced of the ferns or the most primitive of the gymnosperms. They are 
geologically ancient but definitely advanced in the possession of heterospory and 
seeds; they themselves were derived over a long preceding period from other and 
more primitive ferns. Had they survived to the present day, they would no doubt 
have been considered more advanced than our living ferns; the fact that very few 
of them survived the paleozoic period (Seward, 1931) in no way cancels out their 
advanced characteristics. Ancient ferns are not necessarily archetypic: the 
terras ancient and recent are not, therefore, to be used indiscriminately for primitive 
and advanced. 

Bateson (1915) raises the question whether we are limited to the old view that 
evolutionary progress is from the simple to the complex, and whether, after all, it is 
conceivable that the progress was the other way about. Eames (1930) takes the 
position that some cases of simplicity arc primitive and that others, due to reduction, 
are advanced. But can primitive simplicity be distinguished from simplicity due 
to reduction? Is Monogramma dareicarpa Hk. which Benedict (1919) claimed to 
be the simplest fern in existence, also the most primitive^ Is the simplicity of 
the Hymenophyllaceae due to reduction as believed by Copeland (1938), or is 
it hereditarily simple ? Such questions cannot be readily settled by api)eal to the 
morphology of apparently simple organs; rather the complexity of the reaction 
system responsible for the organ must be studied. The complexity of the system 
is to be judged by the complexity of potentiality in the protoplast rather tlmn by 
apparent complexity due to size or to a great multiplication or repetition of similar 
parts. (Schaffner, 1934.) Monogramma’s one linear sorus located asymmetrically 
on a small leaf does not therefore indicate primitive simplicity. 

Bower (1923), Copeland (1907, 1929a), and others have repeatedly judged those 
forms to be the most advanced whose structures seemed to have developed the 
most ‘‘biological advantage^* by natural selection. As a matter of fact the degree 
of survival value of an organ is the second of the two touchstones used by Bower to 
determine which end of his phyletic series is to be considered primitive and which 
advanced. But as Cain (19ii) has so clearly pointed out, although apparent 
biological advantage, gained through supposed adaptation of structure, is often 
superficially credible, yet it is never safe to reason from the structure to the function, 
as adaptation does not necessarily reside in the obvious but is rather the result of 
hereditary change. Care must therefore be exercised not to confuse apparent 
biological advantage with advance. 

If phylogenetic advance cannot be measured directly by geologic age, nor by 
the degree of supposed biological advantage gained through selection, nor unerringly 
by the superficial complexity of organs, by what means can it be estimated? 

First, different levels in the plant kingdom have been rather generally recognized 
by botanists, but these levels have been most clearly defined by Sch^ner (1934, 
1938, 1939). He carefully listed the fundamental potentialities of the reaction 
systems of the plants at ten different levels, and has shown that the majority of 
homosporous leptosporangiate ferns have 60 of these general potentialities, and the 
heterosporous ferns 69 to 70. These fundamental characters which determine the 
general level of ferns in the plant kingdom and, to a certain extent, within their 
own phylum, will be considered more fully in the section on the ground-plan 
of ferns. 

To determine the relative position of any given fern within the phylum, one may 
catalog all the special characteristics which a species manifests throughout its life 
cycle in addition to the cWacter-accumulation for the entire phylum to which it 
belongs, thus securing a list of the total potentialities or characteristics possessed 
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by that species. By this method Schaffner has shown Opkioglossum vtdgatum L. 
to possess a total of 95 potentialities as against 105 for Onoclea sensibilis L. and 122 
for Marsilea quadrifolia L. By such lists of the total character complex, the 
relative level or degree of advance of a species may be ascertained if the study of 
the various species is made on the same general basis. A simple listing of char¬ 
acters, without an attempt at evaluation, eliminates the possibility of arbitrariness 
in establishing relative values. The fact of accumulation of characters with result¬ 
ing complexity should be a guiding principle in phylogenetic taxonomy. 

One weakness in the use of the total character complex mentioned above would 
seem to be that all characters are considered to be of equal value in determining 
the degree of advance: a potentiality for reticulate venation is given equal weight 
with that for dichotomous venation; the potentiality for a well developed annulus 
counts no more than that for a vestigeal one. Therefore an additional way to 
determine the relative position of a fern within the phylum is to evaluate the 
morphological characters and functional activities as to their general or specialized 
nature. A thorough study of fern genera and species shows certain patterns of 
variation occurring repeatedly in different lines. In these phyletic series the more 
specialized forms are considered to l>e the more advanced. A detailed evaluation 
of the characters of leptosporangiate ferns will be found in a later section of this 
paper. 


TYPES OF EVIDENCE ON WHICH A PHYLOGENETIC STUDY OF 
FERNS MAY BE BASED 

Were it possible, a direct reconstruction of the historic development of ferns 
from fossil remains would give the most certain phylogenetic arraugemeut, for a 
complete record of the past, if properly interpreted, would establish the proper 
sequence of the taxonomic series. Unfortunately the fossil record is, and always 
will be, very fragmentaiy. Only a fraction of the kinds of ferns of the past have 
been preserved in fossil form, and of these only a fraction are recognizable 
specifically. Seward (1931) agrees that we cannot expect to discover a solution to 
the problem of evolution from the records of the rocks, though he does think that 
these fragmentary relics of the past enable us io make tentative guesses at the truth. 
Reference to such scattered and fragmentary fossil records as the chief method of 
determining which end of a phyletic series is primitive (Bower, 1923) is of doubtful 
validity. Whether the modifications in the various phyletic lines appeared in the 
historical order of the phyletic series, we have, in most cases, no direct way of 
checking; but as these variations have all appeared in the genetic complex, seriation 
from primitive to advanced is justifiable. 

A second type of evidence frequently used in phyletic study is that from 
ontogeny. Bower (1923) holds that ontogeny reflects the probable phytogeny. 
But even though there may be a marked change in the structure and distribution 
of tissues or in the form of organs during the development of the individual, there 
seehis to be little justification for claiming that the structure during the juvenile 
stage is more primitive than that of the adtSt stage just because the former precedes 
the latter. Both juvenile and adult forms are the expression of the same genetic 
complex. Such changes seem to be associated rather with changes in size of organs, 
patterns of growth, and physiological gradients. Phylogenetic variation may or 
m^ not run parallel with the changes occturing during ontogeny. It is an entirely 
different matter, and quite right, to consider riie potentialities expressed throughout 
the life-cycle as a basis for the comparison of forms. 

A third type of evidence valuable in phylogenetic taxonomy is the chemistry, 
whereby plants may be classified according to the substances made by them. 
By contrasting the protein precipitation reactions of a large number of ferns 
Mez (1925), Conradi (1926), Wilkoewitz (1929), and other workers have attempted 
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to establish the natural relationdiips of these plants. A diagram showing the 
conclusions of Mez is given by Gortner (1938). Chester (1937) has reviewed the 
results of this type of work and concludes that so many factors influence the 
strength of serological reactions that their value is chiefly qualitative rather than 
quantitative. This fact, together with the rather widely vaiying results obtained 
by the workers in the Konigsberg and Berlin schools, definitely limits the sero¬ 
logical approach to the interpretation of plant relationship. It is probable, how¬ 
ever, that this method might contribute information if techniques were better 
standardized, and if more speciQS were tested. At present, so far as ferns are 
concerned, the results may be considered as suggestive only. 

McNair (1932, 1934, 1936, 1945) has attempted to use a different tyi^ of 
chduical evidence on which to base relationships. He maintains that the higher 
the relative molecular weights of the plant alkaloids, the more unsaturated the fats, 
the higher the specific gravities of the volatile oils and the lower their refractive 
indices, the more advanced the plant or plant group. Although he has not dealt 
with the ferns, his method would be applicable to them. One serious weakne^ 
of his theory is that the chemical values which he uses vary rather markedly in 
the same plant when grown in different environmental conditions.. For instance, 
the iodine number of linseed oil varies from 176-210. With such a range of varia¬ 
tion any indicated relationship would, of necessity, be very indefinite. Results 
for plants grown in the same controlled environment might be sijpificant. Another 
weakness is that the range of iodine values is greater within the single order Ranales, 
31-129, than in most of the other angiospeimic families put together. Since this is 
true, what value can there be in the comparative averages for the large groups 
with which he works ? 

Other chemical evidence such as that supplied by color reactions of lignin 
(Crocker, 1921) may ultimately prove of value in phylogenetic taxonomy. 

A fourth kind of evidence is that derived from genetics and cytology {Cain, 
1944). Gregory (1941), McKelvey and Sax (1933), Poster (1933), Whitaker 
(1933), Cleland (1936), and others have applied such evidence to good effect in 
clearing up the systematics of certain angiospermic groups. For example, it has 
been shown that pol 5 q}loidy has been very important in developing large, complex, 
and widespread angiospermic genera. The genetic analysis of ferns, however, has 
only just begun (Anderson-K6tto, 1938), and thus far very little use of results has 
been made. That such use will bring worthwhile results is shown by the study 
made by Conley (1944) in which she shows that NephraUpis exaltala and some of 
its varieties fall into three groups with chromosome numbers 76=*=, 57=^. and 28*. 

A fifth type of evidence, and most important in this study, is that derived from 
the physiology, morphology, and life-cycle of living ferns. Since the beginning of 
the century it has become more widely accepted that since ferns lack flowers— 
structures on which the taxonomy and phylogeny of the angiosperms is almost 
entirely based—any natural taxonomic arrangement of ferns must be based on the 
very broad foundation of the morphological and physiological characteristics of 
all organs of the plant during its development. This at once makes the study of 
fern relationship much more difficult not only because the basis of comparison is 
wider but also because evidence derived from different organs may not ^ readily 
hamionized. We are lead to the conclusion that all organs do not progress phy- 
letically at equal rates; one organ or part may have advanced decidedly while 
wiother remained stationary (Bower, 1923, Sdiaffner, 1934). Despite this 
inequality of advance of different organs of the same fern, the ideal of phylogenetic 
taxonomy is to base the system on the sum of all available evidence. 

Bower, in his invaluable work, The Ferns (1923, 1926, 1929) estaWished twelve 
criteria of comparison by the use of which he tried'to work out the true relationship 
of ferns. They are: 
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1) The external morphology of the shoot. 

2) The initial constitution of the plant body as indicated by meristematic segmentation. 

3) The architecture and venation of the leaf. 

4) The vascular system of the shoot. 

5) The dermal appendages. 

6) The fwsition and structure of the sorus. 

7) The indusial appendages, 

8) The characteristics of the sporangium and spore.s. 

tt) The spore numbers. 

10) The morphology of the prothallus. 

11) The position and structure of the sexual organs. 

12) The embryology of the sporophyte with special referenc e to the suspensor. 

In the present state of our knowledge some of these criteria such as Nos 2, 10, 
11, 12, and to some extent No. 0, seem to be of importance in distinguishing the 
eusporangiate from leptosporangiate ferns Inasmuch as the leptosporangialcs 
differ from the eusporangiates in so many fundamental ways that they .st^ern 
unlikely to hav^e been derived from the fully evolved eusporangiate^ ferns, this 
study will confine itstdf to those criteria deemed valuable in the study of the 
leptosp>orangiatc ferns. 

Smith (1938) in his summary of developments within the fern group makes no 
reference to Bower’s Nos. 2 and 5. Eames (1920) believes that No. 12 has no real 
value lor comparison. But if Bower includes some criteria which are not particu¬ 
larly useful in this study, he also overlooks some. To his criteria should certainly 
l)e added: 

13) I'he development and diflferentiation of sporophylLs 

14) The time of .sex-determination m the Hfe-cyde 

It will be noU;d that these fourteen criteria are, in the main, morphc^logical in 
nature. Our very limited knowledge of the physiology, and of growth and differ¬ 
entiation, forces us to express our conclusions at present largely in morphological 
terms, but ultimately when it becomes possible to speak in terms of patterns of 
growth, the present rather confused picture of such things as leaf type, architecture, 
and venation may l>e cleared up (Foster, 193(>). 

From this survey of evidence available for use in a phylogenetic study of tlie 
ferns, it would seem that very heavy reliance must still be plai-ed on the moriiho- 
logical life history, though the physiology, chemistry, and genetics of ferns may 
prove to be of increasing value in years to come 

II. A Review df the Schemes of Classification Proposko 
Since the Beginning of the Century 

The usual practice in the past in the segregation of families has Ipeen to put 
aW ferns with a more or less complete vertical annulus into the family Polypodiaceae. 
thus including in one family % of all living ferns. The other % have been, without 
much.difficulty, separated by marked segregative characteristics of annulus and 
vegetative form into ^hout 15 other very natural and often isolated families by 
such men as Robert Brown, Martius, Kaulfuss, John Smith, Presl, and Bower. 
These are composed of such similar and easily recognized forms that there is more 
or less general agreement as to their treatment. The real phylogenetic firoblem, 
therefore, rests not with them but with that great residual group of about 7,(X)0 
species which have been lumped together on the basis of one character, the more 
or less vertical annulus. It is with them that we shall deal in this review. For 
an excellent survey of the earlier treatment of these ferns, reference may be made 
to John Smith’s Hisioria Filicum (1875). 
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Diels (1902) divided the ‘‘Polypodiaceae*' into 9 tribes, 6 of which were sub¬ 
divided into 2 subtribes each, and 1 into 4 subtribes. Christensen (1906) arranges 
the Polypodiaceae according to Diels’ outline without change. Bower (1928) 
makes 11 tribes which are based directly on the tribes and subtribes of Diels, with 
the one exception that he breaks up Diels* No. IX, Acrosticheae, inserting most 
of the acrostichoid species under other tribes as acrostichoid derivatives. Copeland 
(1929) gives numbers rather than names to his divisions of the family which he 
enlarges to include such genera as Plagiogyria, Cyatkea, Dicksonia, Cibotiumy and 
Maionia in order to preserve the Polypodiaceae as one phylogenetic unit (a pro¬ 
cedure which is not likely to stand). He disagrees with Diels and Bower as to the 
relationship of many separate genera, but there is a more or less close correspondence 
of his groups with theirs, as shown in Chart I, 

CHART I 

A Comparison of the Sections of Copeland and Diels 

Note: The first digit of Copeland's numbers indicates 
the phyletic line, and successive figures branches oi 
these lines. 


_Copeland 

Diels 

121-123 

I. Woodsieae 

124 

XL Aspidieae 

1252 

V. Asplenieae 

Blechninae 

1253 

V. Asplenieae 

Aspleniinae 

241 and 32 

IV. DavaUieae 

242 

VI. Pterideae 

30 

III. Oleandreae 

421 and 422 

VIII. Polypodicae, Section 1 

423-426 

VIII. Polypodicae, Section 2 

61-64 

VII. Vittafieae 


Christensen, in his Third SupplemetU to the Index Pilicum (1934) again, follows 
Diels’ order but makes changes here and there which bring his system closer to 
Copela.nd’s. Christensen clearly states that this is only a partial revision as he was 
preparing a thorough one to appear four years later in the Manual of Pteridology 
U938). In that, his final and most complete revision, he divides the old com* 
prehensive, Polyp^iaceae into 15 subfamilies which, he 6 a 3 r 8 , might better be 
considered as f^ilies. Christensen does not follow Diels in placing the annual 
water fern, Ceratopteris, in a family by itself; rather he makes it a tribe in his 
subfamily VI, the G^nogrammeoideae. Nor does he follow Bower in placing 
Dipteris in a separate family, instead, making it his subfamily XIII, the 
Dipteroideae. Also he separate the LindWiyoid ferns from the Davallioid, putting 
them into his subfamily II, the Lindsayoideae. In other respects his groups corre¬ 
spond very closely with the tribes and subtribes of Diels and Bower, as may be seen 
by reference to Chart II. 
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CHART II 

Comparison of the Treatment op the Polypohiackae by 

CHKI.STENSBN, BoWEB, AND DiELS 

Note: The roman numeral before each group refers to its original position m the list to 
which it belongs. I'he arabic numerals refer to the subsections of the larger groups. 


Christensen 

Bower 

Diels 

1. Deniistaedtioideae 

1. Dennstaedtiinae 

IV. Duvallieae 

In part 

11. Lindsayoideae 

11. Davallioid fems 
Siection 3 

IV. Davallieae 

In part 

III. Davallioideae 

II. Davallioid ferns 
Sections 1 and 2 

IV. Davallieae 

In part 

IV. Oleandroideae 

11, Davallioid fems 

Of uncertain place 

III Oleandreae 

V. Pteroideae 

III Pteroid fems 

VI Ptendeae 

4, Ptendinae 

VI. Gymnogramrrteoideae 

1, Cryptogrammeae 

2. Ceratoptcrideae 

2. Gymnogrammeae 

4. Adianteae 

5. Chcilantheae 

IV. Gymnogrammeoid 
fems 

1. Primitive genera 

1. Primitive genera 

2. Central group 

! 3. Adantoid fems 

4. Cheilanthoid fems 

VI. Pterideae 

2. Cheilanthinae 
(Parkeriaceab) 

1. Gymnogramminae 

* 3. Adiantinae 

2. Cheilanthinae 

VII. Vittanoideae 

XI, Vittarioid fems 

VII. Vittarieae 

VIII. Onocleoideae 

VII. Onocleoid fems 

I. Woodsieae 

2. Onocleinae 

IX, Blechnoideae 

VIII. Blechnoid fems 

Sections 1, 2 and 3 

V. Asplcnieae 

2. Blechninae 

X. Aaplenicideae 

VIII. Blechnoid fems 

Section 4 

1 VI. Asplenioid fems 

V, Asplenieae 

1. Aspleninae 

1. Aspleninae 

XI, Woodsioideae 

V. Dryopteroid ferns 

1. woodsicae 

I. Woodsieae 

1. Woodsiinae 

XII. Dryopteroideae 

V. Dryopteroid fems 

2. Aspidieae 

II. Aspidieae 

1. Aspidiinae 

XlII, Dipteroideac 

(Dipteridaceae) 

II. Aspidieae 

2. Dipteridinae 

XIV. Polypodioidea® 

* 

IX. Diptcroid derivatives 

VIII. Polypodieae 

IX. Acrosticheae 

2. Platyoeriinae 

XV, Elaphoglosvoideae 

X. Metaxyoid fems 
Section 2 

IX. Acrosticheae 

1. Acrostichinae 


The most adventurous treatment of the old group, “Polypodiaceae” is that by 
R. C. Ching, On Natural Classification of the Family Polypodiaceae" (1940), in 
which he divide the 170 or so genera with a more or less vertical annulus into 33 
families, 21 of which closely parallel Christensen's subfamilies and tribes, the other 
12 being segregates of one or several genera from groups where they did not seem to 
be closely related. It may be questioned whethw an}rthing is gained by treating 
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such groups as families rather than subfamilies and tribes, but in any case Ching 
seems to have done the logical thing in breaking up into natural families the old 
“Polypodiaceae,” if that group be truly polyphyletic as Bower and Christensen 
believe. In most cases he has defined natural groups and established order by 
increasing the number of subdivisions of the Filicales; in this way the number of 
units per group decreases, and they may be more easily surveyed. See Chart III. 

CHART III 

Comparison of the Treatment of "Polypodiaceae’^ bv Chino and Christensen 


Note: The dots indicate side 
Ching 

Lindsayoid-Davaixioid Series 

1. Culcitaceae Chmg 

2. Dennstacdtiaccae Chin^ 

Dennstaedtieae 

Saccolomeae 

3. Lind&ayaceae Ching 

Lindsayaeae 

Taenitideae 

Stenolotneae 

4. Dictyoxiphiaceae Ching 

6. Davalliaceae Gaud. 

Davallioideae 
N ephro lepioi deae 

6. Qleandrac-eae Ching 
Pteroid-Gymnogrammeoid 

7. Hypolepidaceae Chmg 

8. Pteridaceae Ching 

Lonchitideae 
P ten deae 

9. Sinopteridaceae Koidzuma 

Onychieac 

Allosoreae 

Cheilaniheae 

10. Gymnogrammaceae Ching 

Gymnogruninieae 

Gymnoptendeae 

11. Adiantaceae Presl 

12 Ceratopteridaceac C. Chr. 


13. Antrophyareae Ching 

14. Vittanaceae Presl., emend. 

Monogramtneae 

Vittareae 

16 Loxogrammaceae Ching 
Thelypi'eroid-Asplenioid Series 
liaceae Presl. 

S lenieae 
yrieae 

17. Thelypteridaceae Ching 
Thelypterideae 
Gonioptendeae 
Dictyoclineae 

18. Sphaerostephanaceae Ching 

19. Monachosoraceae Ching 

20. Bleclmaceae Ching 
Blechneae 
Woodwardieae 
Braineae 


branches from the main series. 

Chnsltnsm 

Dicksoniaceae—Dicksonioidcae (part) 
(or in I. Dennstaedtioideae) 

I. Dennstaedtioideae—Dennstaedtieae 
Chaetopterides 
Lepidopterides 
11, Lmdsayoideae 


11. Lindsayoideac (1 genus) 
HI Davallioideae 


IV. Oleandroideae 

I. Dennstaedtioideae—Hy^xilepideae 

V. Pteridoideae 

Chaetopterides 
Lepidopte rides 

VT. Gyrnnogrammeoideae (part) 
Cryptogrammcae (a) 
Cryptogrammeae (b) 

Cheilantheae 

Gyrnnogrammeoideae (part) 
Gymnogrammeac'—Chaetopterides 
Gymnogrammeae—Lepidopte rides 

VI. Gymnogramnieoideae(part) 
Adianteae 

VI Gyrnnogrammeoideae (part) 
Ceratopterideae 

VII. VitUrioideae 
Part of B 

VII. Vittarioideae 
Part A 
Part of B 

XIV. Polypodioideae (I genus) 

X. Asplenioideae 
Afiplenioae 
Atnyrieae 

XII, Diyopteridoideae (part) 

Thelypterideae (Ist part) 
Thelypteridcae (2nd parD 
Dryopterideae (Sect, of Tectaria) 

Xll. Dryopteridoideae (part) 

Thelypterideae (I genus) 

XII. D^opteroideae (part) 

Thelypterideae (2 genera) 

IX. Blechnoideae 
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CHART III— (Conttnued) 

Ching Christensen 

CYATHEOii>-AsprDiorD Series 


21. Onocleaceae Ching 

22. Woodsiaceae Chinp 

23. Hypodemaceae Cning 

24. Perenemaceae Presl., emend 

25. Aspidiaceae Presl.^ emend. 

Dryoplerideae 

Aspideae 

26. Didymochlaenficeae Ching 

27. Acrostichaccae Presl., emend. 
Dipteroid-Polypodioid Series 

28. Cheiropleuriaceae Nakai 

29 Dipteridaceae Bower 
30. Platyceriaceae Ching 

31 Polypodiaceae Presl. (sensu propria) 
Pleopeltoideae 
Lepisoreae 
Phymatodeae 


VIII. Onocleoideae 

XL Woodstoidcae 

Between XI and XII 
Between XI and XIf 
XII. D^opteroideac 

Dryopterideae (Nos. 1-18) 
Dryoplerideae (Nos. 19-37) 

XII. Dryopteroideae 

Dryopterideae (1 species) 

V^ Ptendoideae (derivatives) 


XIV. Polypodioideae 

Chaetopterides, I genus 
XIII, Diptendoideae 
XIV Polypodioideae 

Chaetopterides, 1 genus 
X1V^ Polypodioideae — Lepidopterides 
Pleopeltideae 
Nos. 4 10 
Nos. 11-36 


Polypodioideae 

Polypodieac 


Campy loneureae 
Grammitaceae Presl , emend 
Grammitieae 
Cochlidieae 


Polypodieae 
Nos. 37 40 
No. 41 

XIV. Polypodioideae—IvCpidopterides 
Polypodieae Nos 42-48 
Polypodieae Nos. 4i>- 61 


33. Elaphoglossaceae Ching XV^ Elaphoglossoideae 

Unfortunately from the point of view of phylogeny, Ching is, on the whole, 
very dogmatic in his segregations, in very few cases giving adequate discussion or 
sufficient explanation of the bases for his divisions, and nowhere stating any 
principles by which he interprets his data However, Ching worked with Carl 
Christensen for several years and followed his ideas very closely, so that, in a 
sense, Ching carried the work of Christensen to a logical conclusion. Chrisienstni 
here and there states the principles on which he builds his system, but he nowhere 
draws them together in a unified statement. As a matter of fact no fern taxonomist 
has adequately presented the principles upon which he has based his phylogenetic 
disposition of species. True, here and there statements are made which help us to 
understand the points of view, but these tend to be scattered and incomplete. 
The morphologists have been less hesitant in trying to formulate principles of 
progression; certain it is that a statement of principles is essential if these are to 

accurately understood and assessed. 


III. The Ground-Plan of Perns 

If we are to arrange the ferns in series from the primitive to the more advanced, 
it is essential to have a starting place. Different workers vary widely in their 
conception of the theoretical primitive type. Bower (1935) pictiu*es it as follows: 
*^Such an archetype sporophyie would have consisted of a simple upright shoot 
of radial symmetry, probably rootless, didhotomising if it branched at all, and 
with the distinction between leaf and axis either absent or ill-defined. The leaf, 
where recogtiixable as such, would have been long stalked, with distal dichotomy, 
tending in advanced forms towards the sympodial development of a dichopodium. 
All the limbs of the dichotomy would be narrow and distinct from one another. The 
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whole plant would be relatively robust as regards cellular construction, generally 
photosynthetic, and traversed by conducting strands with a solid xylem-core. 
The surface would be glabrous, or invested with simple enations. The solitary 
sporangia would be relatively large, and distal in position, with thick walls, and a 
simple method of dehiscence; and each would contain numerous homosporous 
spores/’ Bower carefully states that he is^not implying that the Psilophytales 
represent the direct ancestry of the Filicales, but if the above description of the 
supposed primitive fern type implies anything, it is just that. Campbell (1940) 
says that there is some evidence that the Filicineae may have been derived from 
some of the Devonian Psilophyth but that it is problematical. He pictures the 
primitive sporophyte as consisting of a single leaf and a "protocorm” or foot, with 
the root presumably being of later development. Fames (1936) comments on the 
proposed primitive type by saying, “The Psilophytales are indeed * ancient and 
simple;' that they are also ‘archaic and ancestral' is not surely known.” 

Though the relationship of the ferns and the PsUophyta is problematical and 
unproven, Bower and his followers do base their ideas of progression and develop¬ 
ment directly on that assumption, even to the cladode nature of the megaphyll or 
fern leaf. The present writer believes that so long as the actual origin of the ferns 
is so uncertain, it is unwise to start with an assumption which, if untrue, would 
invalidate the whole phylogenetic structure built upon it. 

Must we than conclude with Seward (1931) that the theoretical primitive 
type eludes our grasp; that though our faith postulates its existence, yet that type 
has failed to materialize? Fortunately there is an alternative far safer than to 
base our type on a very problematical ancestry, and far more positive than to 
make no effort at all. A generalized ground-plan can be drawn for the ferns by 
placing together those fundamental potentialities of the phylum to which they 
belong (Schaffner, 1934) but which appear for the first time in the plant kingdom 
as we loiow it in the ferns. Such a generalized type for the homosporous ferns 
would show the following characteristics: it would have a 2-phased sporophyte 
with a parasitic embryonic stage and a later completely independent stage. 
The sporophyte would have cither an unbranched or a branched stem with long- 
continued, indeterminate apical growth. The stem tip would display either 
negative or transverse geotropism; the well developed vascular system would be 
composed of xylem and phloem. On the stem in a spiral pattern would be typical 
leaves with a vascular supply; these would be decidedly dorsiventral, iisually 
with phototropic reactions when young. In most lines they would have a circinate 
vernation. Sporangia producing spores of one kind would be borne on the leaves. 
Spore formation would not be followed by the immediate death of the sporophyte 
except where the potentiality for continued growth were inhibited by the intro¬ 
duction of the annual habit as in Ceraiopleris, 

This is the ground-plan for all homosporous ferns; to get to the heterosporous 
ferns there would have to be added to this character complex the fundamental 
potentiality which causes a shift in the time of sex-determination from the ontogeny 
of the gametophyte back to the sporophyte, resulting in heterospory and highly 
dimorphic unisexual gametophytes which are also much reduced, short-lived, and 
dependent on the parent sporophyte for their food supply. 

The above description is made up of the fundamental characteristics of all the 
ferns. It is, therefore, a generalized picture which is as true for primitive as for 
advanced forms. Since it is impossible, as Seward has intimat^, to postulate 
with any certainty the theoretical primitive type for the ferns, this ground-plan 
which must have been true for the primitive type also, is the next best approach. 
We have than a starting place for our study, not theoretical and postulate, but 
actual. The evolution of the ferns has consisted in the variation of expression of 
this ground-plan at every point and in any number of different ways. 



No. 2 


A PHYLOGENETIC STUDY OF FERNS 


83 


IV. The Phyletic Patterns of Variation of the 
Leptosporangiate Ferns 

A taxonomist trained to work with specific and generic plant types and precise 
descTiptions of plant organs and structures is often at a loss to know how to 
harmonize his concepts with those of the newer morphology of the last two decades 
(Watson, 1943) whose trend has been away from fixed categories and static con¬ 
cepts of structural and specific entities towards a more dynamic and fluid condition. 
The terms leaf and stem have become for some no more than convenient descriptive 
words without biological meaning (Arbor, 1930). The species is ‘^a momentary 
realization of a line of evolution (Faegri, 1935). Concepts which describe form 
are being replaced by concepts dealing with the regulation of growth (Schuepp, 
1933). However, as Watson (1943) points out, although the nature of the 
descriptive terms or units employed be changed, yet units of some kind are 
indispensable for all description. By building on the most fully substantiated 
morphological concepts of the past until they are actually replaced by something 
nearer the truth, and at the same time making use of new facts available from 
all sources, the taxonomist can approach with confidence a study of the phyletic 
patterns of variation among the ferns. 

1. Posture. As often happens in phylogeny, experts may disagree in their 
interpretations: whereas Bower (1923) holds the erect stem to be the more primitive 
type, Fames (1936) says that the rhizome type appears primitive for the group. 
Copeland (1938) believes that at least for the Hymenophyllaceae the creeping 
rhizome is primitive and the ascending or erect stem derived. 

The pose of the adult stem is not determined by its orientation in the embryo 
but rather by the direction of growth of the young stem. Stems may be upright 
from the first by continued growth of an erect embryo as in Angiopteris if the 
stem be negatively geotropic; but if, as in the case of Helminthosiachys^ it be 
transversely geotropic, then it quickly grows to a prone position. In the majority 
of the leptosporangiates where the embryonic stem is lateral and prone, the growth 
of the young stem is negatively geotropic and by continued growth becomes erect 
as in Cyaihea and Brainea, or suberect as in PolysUchutn. If, however, the young 
stem displays transverse geotropism, it will continue to grow in a prone position. 
The negatively geotropic growth of erect stems with radial symmetry would 
seem by analogy with other vascular plants to be the more fundamental; horizontal 
growth with its various and frequent change of symmetry, the more specialized 
and derived. Ferns having both erect stems and runners or rhizomes as in 
MaUeuccia sirulhiopleris Tod., in Nephrolepis cordifolia^ and in some species of 
the Cyatheaceae are considered here to be more advanced in this respect than 
related forms with only a single stem type. 

2. Other specialized forms of stems. Those specialized forms of stems 
such as the tuberous stems of Nephrolepis cordifolia and Todea barhcUa, the inflated 
and hollow (sometimes ant-inhabited) stem of MyrmecophUa, the climbing stems 
of SUnocklaena and Lomagro^mma, the runners with distinct nodes and intemodes 
of Marsilea, and the rhizophores of Oleandra neriiformis are considered as derived 
and advanced, not because of any degree of supposed biological advantage 
associated with the structure, but b^use some very real new potentialities have 
been added to a primitive ground plan complex. They should not be thought of 
as adaptations^^—past, present, or future! 

3. Rate of growth. The rate of growth varies from very slow as in most 
erect stems and some prostrate ones, to vepr rapid as in ferns like Marsilea and 
Lomagramma. Judging by comparison with the eusporan^te ferns and the 
Cycadophyta the slow growth associated with upright stems would seem to be the 
relatively more primitive condition. It is also associated with a more complex 
phyllotaxy which in a later section is considered to be a primitive characteristic. 
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Secondary growth due to a vascular cambium must also represent an added 
protoplasmic potentiality. 

4. Branching of stem. The upright fern stem is normally unbranched 
though apical twinning sometimes takes place, involving presumably the equal 
division of the apical meristem* In no upright fern stems known to the writer 
is there repeated and regular dichotomous branching, and Wardlaw (1943b) 
points out that what Bower considered in many ferns to be delayed branches of 
unequal dichotomy probably have a different origin. Dobbie (1929, 1930) tells 
of a forest of forked tree ferns in New Zealand, but he attributes such branching 
to adventitious buds rather than to* dichotomy. Wardlaw (1943 a and b) gives 
very interesting evidence to show that the branches of the erect stems of 
MattHuccia struthiopteris which form horizontal rhizomes can be traced to 
** detached meristems” to be found always in proximity to regions of meristclc 
conjunction His investigations with other ferns such as Dryopteris arisM<i and 
Onoclea sensihUis suggest that buds on fern stems near leaf bases are not adven¬ 
titious; their position is regular and fixed in relation to the meristele conjunctions, 
that is axillary in origin though often moved out of the axil by growth distortion. 

Prostrate stems may be unbranched, may branch by dichotomy as in Pteridium 
aquilinum and Onoclea sensibilis, by axillary buds as in the Hymenophyllaceae, 
Marsilea, and Leptockilus axillaris (Cav.) Kaulf., or by buds not distinctly in 
the axils of leaves as in Onoclea sensibilis which Wardlaw has shown to be of probable 
axillary origin. It would seem that branching due to buds associated with leaf 
bases represents a potentiality added to the unbranched or dichotomously branched 
condition. If branching by both dichotomy and axillary buds is present as in 
Onoclea, two heritable factors for branching must be present and consequently 
the hereditary reaction S 5 rstcm of the plant may be considered more complex, 

5. Stele. Bower places great emphasis on the comparative value of the 
stele type, concluding that ‘^the vascular tissues provide the most constant char¬ 
acter of the plant body.’' Van Tieghem’s stelar theory (1886) has furnisluHl 
material for much phylr;genelic discussion. It has been held by Gwynne Vaughan 
(1901), Bower (1923), Eames (1936), Smith (1938), and Campball (1940) that the 
protostele is primitive and that the siphonostele and dictyostele arc successively 
more advanced. One hesitates to take a position which differs from that of such 
an impressive group of authorities, but their position needs to be carefully recon¬ 
sidered in the light of recent research. The evidence for their belief is based on the 
fact that some of the Gleicheniaceae and Schizaeaceae, and the Hymenophyllaceae, 
which are for other reasons regarded as ancient and primitive, possess a protostele 
in their adult stems. Among ferns with a polypodioid type of sporangium proto- 
stely may be found in Cheirapleuria and the tribe Monogrammeac of the family 
Vittariaceae. 

Let us examine this evidence to see if it is sufficient to warrant the conclusion 
that protostely is the primitive condition. First, not all of the species of the 
Gleicheniaceae are protostelic, one section of the family having solenosteles. The 
same may be said, and more emphatically, for the Schizaeaceae, because of the four 
genera of that tribe only one, Sekizaea, is protostelic; Lygodium is solenostclic, and 
Anemia and Mohria are dictyostelic. If protostely is the primitive condition, 
certainly it is not very well fixed, for other types of steles seem to be more common 
than protostely in these presumably primitive families. And what about the 
Hymenophyllaceae in which protostely is rather more universal? Copeland 
(1938) believes that reduction is the key to an understanding of the family. If 
this is true, protostely in the family may be the result of reduction and therefore 
not a primitive characteristic. 

Certainly evidence from these supposedly primitive families is not very con¬ 
vincing, particularly when added to it is the fact that protostely never occurs in 
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the adult steins of other supposedly primitive fern families and genera. The 
Ophipglossaceae have solenosteles or dictyosteles, while the Marattiaceae and 
Angiopteridaceae have what Bower (1926) called '‘undoubtedly the most complex 
va^ular S 5 rstem of all living Pteridophyta/* a polycylic dictyostele. The 
Osmundaceae have dictyosteles, and the Matonaoeae have “one of the most 
complicated solenostelic structures among ferns/' a polycyclic solenostele with 
three concentric rings of vascular tissue. Certainly the evidence from living 
ferns supposedly primitive is very unconvincing. If one bases his judgment on 
the living evidence, the decision would have to be otherwise. 

The second type of evidence which has lead to the conclusion that the protostele 
is more primitive than the solenostele, and the latter more primitive than the 
dictyostele, comes from the ontogeny of the fern plant. A young sporeling usually 
has a protostele, but in all except the few genera named above where the adult 
stem retains the protostelic structure, as the stem grows and increases in diameter 
upward, the stele develops into a siphonostele or solenostele, and sometimes into 
a dictostele. By taking the events of ontc^eny as a pattern for phylogeny the case 
for the primitive nature of the protostele is established to the satisfaction of some. 

Just what is involved in the change from protostele to dictyostele? In the 
course of individual development the simple protostele may become modulated, a 
condition which leads to solenostely, and this, in turn, in shoots where the foliar 
gaps overlap, to dictyostely. Wardlaw (1944a) has pointed out that the condition 
of the fully differentiated tissues in the basal portion of the young stem where 
protostely exists is primarily referable to the size, activity, and nutritional status 
of the apical meristem at the time of inception of that stage; and similarly for the 
fully developed tissues in the higher region where a solenostele is formed. He also 
shows (1944b) that the leaf gaps in the slioot stele do not form if leaf primordia are 
destroyed at a sufficiently early stage, and that the solenostele which would have 
become a dictyostele due to overlapping of leaf gaps, remains a solenostele. There¬ 
fore, the condition of the differentiated tissues in the upper, normally dictyostelio 
level of the stern is referable not only to the size, activity, and nutritional status 
of the apex at the time of the inception of that stage, but also to the modifying 
influence of developing leaves. He thus demonstrates very clearly that there is 
no phylogenetic difference between a solenostele and a dictyOvStele, and little or 
none between a protostele and solenostele. 

The increasing size of the apical meristem, then, plays a definite part in the 
shift from protostely to solenostely, but not from solenostely to dictyostely which 
is controlled by leaf development. It should be pointed out. however, that there 
are a few cases of “ perforated'' dictyostele, as in leafless tubers of Nephrokpis 
cordifolia (Sahni, 1916), where increasing size of the organ appears to be of 
importance in determining the internal morphology. 

What then can be concluded about the occurrence of stele types and their 
phylogenetic significance? Dictyostely is normally associated with erect and sub- 
erect stems, and with decumbent stems which are relatively thick and whose 
leaves are close and many ranked so that the leaf gaps overlap. Siphonosteles 
are normally assorted with prostrate stems of smaller diameter having leaves 
few ranked and (or) so far apart that the gaps do not overlap. Protostely in fern 
stems is usually associated with prostrate stems of small diameter. If the large 
erect stem witn many-ranked leaves is primitive, and the decumbent stem with 
few-rankod leaves is derivative, then in that sense the dictyostele may be con¬ 
sidered more primitive than the solenostele and protostele. But since the stele 
type is So closely associated with the stem size, stem posture, and leaf arrangement, 
it would seem that these characters have been far more important phylogenetically 
than the stele type. In this discussion, therefore, little value will be attached to it. 
6, Epidermal outgrowths of the shoot. Christensen (1911) says that 
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the best and most constant specific character is to be found in the dermal appehd- 
ages, hairs and scales. These apptmdages may vary within a species, in abundance 
but not in kind. They may be remarkably constant for a whole genus as in 
Pyrrhosia, or extremely variable as in Asplenium. 

Some genera such as MicroUpia may possess hairs only, while others such as 
Cyalhea may have some species with hairs and some with scales; Hisliopteris 
may have both hairs and scales on the same shoot. Families such as the 
Osmundaceae includes genera which are all characterized by hairs only, while 
others such as the Oleandraceac have scales only on their stems but may have hairs 
on their leaves. Such families as the Schizaeaceae, Gleicheniaceae, Cyatheaceae, 
Gymnopteridaceae, and Thelypteridaceae have both hairs and scales occurring 
in their genera or sections. It is clear then that though the kind of dennal append¬ 
age may be constant within a species, it is not necessarily so in larger groups. 
Since both hairs and scales arc present in such supposedly primitive families as 
the Gleicheniaceae and Schizaeaceae, it is apparent that hairs and scales are not 
very fundamentally different, and their presence, though of specific value, may 
not be of great phylogenetic significance. 

The simple hair is the product of a simpler growth prcx^css than a branched or 
stellate one, or than a scale. Hairs vary from one- to many-celled, and from 
unbranched to branched. Scales vary in shape, size, color, point of attachment, 
thickness of walls, and margin; it seems impossible to trace any one pattern of 
variation for all scales. A few generalizations, however, may be made: a scale 
with a basal point of attachment may be more easily derived from a hair than one 
with a broad base or one peltatcly attached. Clathrate scales having thick cell 
walls and clear lumen seem more specialized than those with smaller undiffer¬ 
entiated cells without clear lumen. Scales with entire margins may be simpler 
than those with dentate or ciliate margins. A glabrous shoot may be thought of 
as more primitive than one having a potentiality for the development of dermal 
outgrowths; care must be taken, however, not to mistake an adult shoot from 
which the outgrowths have dropped or been rubbed off for a truly glabrous one. 

Before considering patterns of variation of the fern leaf it will be well to examine 
briefly the recent thought concerning the nature of the leaf. It may be summed 
up thus (Bower, 1935): the megaphyll, or leaf of the ferns proper, is of cladode 
nature, i. e., it is a modified branch system having its origin in the dichotemous 
branching of a stem not yet fully differentiated as axis and appendage. Since the 
leaf is supposed to be only a stem, primitive leaves would be highly branched, the 
various branches being green and not webbed together, Although Bower has 
based his phyletic series on this hypothesis, he was not satisfied that it represented 
ultimate truth as may be seen by a statement of his (1938) in the introduction of 
Verdoom's Manual of Pteridology: “Certain^ the last word ... on the origin 
of leaves . . . has not yet been spoken.” We agree with this opinion. 

Not only is the actual origin of fern leaves still quite imcertain, but leto- 
sporangiate fern leaves differ in some very fundamental ways from all known branch 
systems in their circinate vernation during the growing period of the leaf, their 
direct spiral arrangement on the stem, the sporadic or regular presence of buds in 
their axils, and the reticulate venation of the leaves of many species. The dis¬ 
tinctness of the leaf and stem, often from the quadrant stage of the embryo, is a 
strong argument that the leaf is not simply one limb of a dichotomousljr branched 
stem. Since the origin of the fern leaf is not really known, and since it differs in 
these fundamental ways from known branch systems, in this study the older 
morphological conc^t of the leaf as an organ distinct in nature from the stem and 
root will be maintained. What is primitive in the patterns of variation will not 
be decided on the assumption that the psilophytan b^nch system is the prototype 
of the leaf, but upon other criteria. 
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7. Phyllotaxy. As Schaffner has so well shown in his paper on the Spiral 
Systems in Vascular Plants (1938a) there is a general progression from the com¬ 
plicated multispiral leaf arrangement to the alternate 2-ranked condition, and 
in a very few cases to the 1-ranked condition. Ilis generalizations hold for the 
ferns, those with relatively large erect or suberect stems and dictyosteles having 
many-ranked leaves as is also the case in some decumbent stems with dictyosteles, 
for example, Pteridium aquilinutn. In many decumbent stems, particularly in 
those with a siphonostele or protostele the leaves are two-ranked (or in some cases 
possibly one-ranked). Rarely “ leaves are whorled as in Salvinia where three 
leaves occur at each node, and as in some species of the Cyatheaceae where whorls 
of 3, 4, 5, and 6 leaves are known. In whorled types 3 or more leaves develop 
almost simultaneously. As has been pointed out above, the phyllotaxy is always 
correlated with the stele type, and both are correlated with the stem type or posture. 

8. Articulation of the petiole to the stem and abscission. John 
Smith (1875) held the articulation of the petiole to the stem to be a character of 
such prime importance that he used it together with a phyllotaxis character to 
found his primary section Eremobrya. The present writer cannot follow Smith 
in making articulation a framework character for the segregation of ferns into 
large primary groups, but it is a specific or generic character. Very frequently 
articulation, together with abscission, is associated with an epiphytic habit as in 
Oleandra, Davallia, and some of the Polypodiaceae sensu strictu. That it is in no 
sense limited to epiphytes can be seen from its occurrence in Cyaihea, Angiopieris, 
Elpakoglossum, and a few species of Asplenium, Articulation is a character 
which would have to be added to the ground-plan complex, and its presence is 
therefore to be considered an advanced character. 

9. Articulation of pinnae or pinnules to rachis or rachili-a. John 
Smith (1875) did not include in his section Eremobrya those ferns lacking articu¬ 
lation at the base of the petiole even if their pinnae were articulated to the rachis. 
Such articulation, very frequently resulting in abscission on drying, is present in 
Nephfokpis, Drynaria, Lomagramma, Stenocklaeiia, Dicymochlaena, Angiopteris, 
Woodsia Sect, Physematium, and in some species of Adianium and Lygodium. 
Such articulation may or may not be associate with an epiphytic habit, although 
the first two genera mentioned above have many epiphytic species. The suc¬ 
ceeding genera and species mentioned are typical terrestrial fenis, so that it would 
be inaccurate to conclude with Copeland (1907) that articulation arises as an 
adaptation to the epiphytic habit, and to habitats where ferns must sometimes 
endure a more or less prolonged drought. Were this true, we might expect articu¬ 
lation and abscission to be present in all epiphytes and in most terrestrial ferns of 
monsoon regions, where the rainfall is seasonal, but this is not the case. 

Such articulation may characterize whole genera as Drynaria or only certain 
species in a genus as in Lygodium, Its occurrence in the ferns as a whole does 
not seem to form a pattern or to parallel any one or more phyletic lines, but rather 
appears here and there as a marked character. Its presence indicates the addition 
of a new factor to the ground-plan complex; ferns having articulation are to be 
considered that much more complex in their development than those which lack it. 

10. Leaf traces. The number and arrangement of the meristeles, or 
vasctilar bundles, in the petiole base at the point of union with the stem is a 
diagnostic character of importance which is easily ascertained in fresh material. 
This information should be recorded in the description of all species; at present 
generalizations are diffictalt because this is one of those characters which 
Christensen might have had in mind when he said that many important characters 
known to exist in some species of a genus are not yet known to occur in all. How¬ 
ever, Waters (1903) has used this character on which to base a key to the ferns, 
and Ching (1940) in his key to the 33 families which he segregated from the old 
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family ‘‘Polypodiaceae," divides them into two groups, the first having one leaf 
trace, and the second, two or more traces* Unfortunatdy there are alwa)rs excep¬ 
tions which make unsatisfactory the use of this character with as huge groups 
as families. 

Wardlaw (1944b) shows that in young petiole bases the procambial strands 
are uninterrupted and crescent-shaped, made up of small-celled tissue which during 
growth fails to keep pace with the enlargement of the pith within; hence the 
vascular crescent b^mes disrupted into five to seven or more separate strands 
or traces. If, however, the further growth of the primordiura is inhibited or pre¬ 
vented at an early stage, the normal enlargement of the pith do^ not take place 
and the crescentic mass of primordial vascular tissue remams coherent or disrupted 
only to a limited extent. It is possible that what Wardlaw has found to be true 
for Dryopteris spp. may also hold for other ferns in which the leaf trace or traces 
are arranged in the form of a horseshoe, trough, or V. It would seem then that the 
pattern of variation of leaf-traces in ferns with dictyosteles is from the continuous 
shapes just m^itioned to the interrupted C or V, the individual meristeles of which 
may be either elongated or rounded. In ferns with decumbent or climbing stems, 
distant leaves, and protostele or solenostele, the petiole bases usually have one 
trace either round or V-shaped,—rarely split into two traces. There is no such 
irregular arrangement of traces at the petiole base as that shown for Pteridium 
aquilinum by Waters (1903). 

11. Degree of dissection of the blade. It should be recalled that in this 
study the fern leaf is treated as an organ sui generis and not as of cladode origin. 
Should the megaphyll sometime be really proved to be a modified branch system, 
this section and certain others concerning the leaf would have to be completely 
revised. Bower (1923) and all those who like him establish their ideas of the fern 
leaf on the very problematical psilophytan ancestry of the ferns hold that the 
large highly divided leaf is more primitive than a smaller simple leaf; that the 
simple or less divided forms have arisen from the more divided by the webbing of 
branches. This is the logical conclusion if the leaf originated from a much branched 
stem system; if the leaf is an organ distinct in nature from a stem, then the question 
of whether the primitive leaf is simple or compound is an open one and not pre¬ 
determined by a theory. Let us examine the leaves of ferns from this point of view. 

First of all, what are the facts regarding the occurrence of simple and compound 
leaves in the ferns? In almost every large family as well.as in genera represented 
by a large number of species are ferns having leaves with all stages of division of 
the blade from simple and entire to highly divided. For instance, the genus 
Cyalhea which is usually thought of as characterized by gigantic decompound leaves, 
really has species with all degrees of division from the undivided leaf as in CycUkea 
sinuata Hk., to simply pinnate as in C, brunonis Wall., to bipinnatifid in C. 
aliernans (Wall.) Pr., to bipinnate-tripinnatifid in C, lalebrosa (Wall.) Copel., to 
tripinnate in C. iripinnata Copel. 

The same is true of the family Hymenophyllaoeac in which leaf blades range 
from simple and entire to 4- or 5-pinnate. It is more of a surprise to those 
acquainted primarily with the ferns of the northern United States to find that the 
same range of blade division niay found in the genus Adiantum. Several 
species of the simple-leaved maiden hair fern exist, one of which, Adiantum parishii 
Hk,, ^ows in Burma. There are many species with 1-pinnate leaves such as 
A. pkilippense L. and A. caudaium L.; wirii 2-pmnate leaves as in *4, ca^iUus- 
veneris L., and with 3-pinnate leaves as in 4. cuneatum Langsd. & Pisch. ffimilar 
series occur in Asplenium and DiplajHim. 

In some families and genera the highly divided leaves are missing or rare, and 
simple or 1-pinnate forms predominate as in Phymaiodes, Sometimes a whole 
genus is characterized by simple entire leaves as in Pyrrhasia, but even here one is 
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not surprised to find sfxicies with palmatifid or pinnatifid blades Evidently 
in such cases the series has never developed beyond the second stage In other 
families and genera the simple end of the series may be missing as in Microkpia in 
which all forms from the 1-pinnate to highly compound are known. The poten¬ 
tiality for the development of this pattern of variation of the leaf blade is certainly 
present in most of the large families. This is so general that if one of the forms 
is not known from one section of the world, it probably can be found in some other 
or in fossil form. 

Can it be established which end of the scries is the more primitive? Foster 
(1930) in working with angiospermic leaves has shown that the blade develops from 
two elongated lateral meristems along the sides of the costa. If this develops 
uniformly without break, the blade is simple; but if the lateral meristem soon 
btH'omcs localized rather than continuous, then the blade developed will be divided 
or compound. In other words, to get more highly compound leaves a more extreme 
development of localized and isolated blade meristems is necessary Such a 
distriV)ution of meristems seems to represent a more complex system of primordia 
than a simple continuous one along a continuous costa. To some extent the degree 
of divisioti may increiise somewhat with increasing size of the leaf unless the veins 
are very close together as in Thamnopteris, Microsorium, Phymatodes^ and 
Platycerium. 

Fertile juvenile leaves produced on the not yet fully mature stems of many 
species which normally have compound leaves such as Drynaria quercifolia and 
Arihromtfic wallichiana are often simple or have very few lobes or pinnae Chmg 
says that far too many ferns have been described for China because juvenile forms 
with sunplc leaves have often been described as new species. The fact that juvenile 
leaves of many compound-leaved species precede the compound during ontogeny 
is not evidence that the simple leaf is more primitive than the compound, yet this 
oc'currence does give an illustration of what takes place when a sWrn whic'h has 
prcKluced simple leaves begins to produce more.divided ones. With increase in 
age and possibly in the size of the leaf primoraia, there is a localization of the 
meristematic tissue referred to above which results in compounding No case is 
known to the writer where leaves produced by increasingly mature plants are less 
divided than the leaves i^roducod earlier unless the complicating factor of repro¬ 
duction l^egins to operate Jf the highly divided blade be the primitive form as so 
widely accepted, then wc will have to conclude that as a fern plant reaches maturity, 
its leaf-form reverts more and more to the primitive condition That this could 
be almost universally so seems hard to credit. 

If any portion of a blade be more highly divided than another, it is the basal 
part as illustrated by Lindsaya orhiculaia (Lam.) Mett., in which several basal 
pinnae are again pinnate, and the upper pinnae are entire or only slightly incised 
This is true for most ferns which have deltoid leaf blades. The lower pinnae are 
formed before the apical ones, originate from larger lateral pinnal meristems, and 
are less quickly determinate in their growth than the apical pinnae. In fact 
these lower pinnae tend to repeat the architecture of the apical portion of the main 
blade and to approach it in size. The more highly divid^ lower pinnae of many 
species is an' indication of the tendency to a greater degree of division of the blade. 

One of the common variations in leaves is the Cresting or forking of the pinnae 
of such ferns as Nephrolepis, Osmunda, Polyslichum, and Pleris. Bower (1923) 
says that such cresting is essentially reversion. Tryon (1938) considers the 
fluctuating types of cresting as reversionat^, but the heritable kinds as advance. 
Conley (1944) has shown that in some of the crested varieties of Nephrolepis 
exaltaia that a correlation exists between anatomical differences and chromosome 
number and that none of the forms studied seemed to represent the parent diploid 
complex. Such evidence seems to indicate that cresting in Nephrolepis is associated 
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with polyploidy, hybridization, or reduction of chromosome number below the 
normal diploid complement. If there is no evidence that cresting with the conse¬ 
quent greater division of the blade is an advanced character, at least there seems 
to be no ground for hasty conclusion that it is reversionary and that the divided 
condition of the blade is primitive. 

All of the above lines of evidence seem to point to the correctness of the view 
that variation in the fern leaf progresses from simple to divided and compound. 

12. Venation. If Wardlaw's hypothesis (1944a) to account for the initial 
differentiation of vascular tissuesjn ferns shoxild hold for the veins of the leaf, then 
different venation patterns would result from amazingly different patterns of 
growth in the leaf blade; for Wardlaw suggests that the initial differentiation of 
vascular tissue takes place immediately telow or behind a meristematic center 
and “in the path of substances diffusing from it, one or more of these substances 
being casually involved in the process." If this is true, then the venation would 
be the bluejpriut of the pattern of growth of the leaf blade, particularly complicated 
in leaves with reticulate venation. Since no other more probable working 
hypothesis has been proposed to date, we shall examine the evidence from this 
point of view. 

When the apical meristem of the leaf primordium divides by equal dichotomy, 
the main veins are dichotomously branched as in Dipteris conjugata; when the 
apical meristem divides unequally and one sidedly, catadromic helicoid main 
veins result as in Maionia pectinata and Adiantum pedatum^ or anadromix helicoid 
main veins as in the fossil Dictyophyllum exUt. If the apical meristem divides 
by unequal dichotomy, the subordinate shanks being alternately right and left, a 
zigzag or geniculate midrib or rachis develops which api>ears to be a continuation 
of the petiole. An extreme example is Rumokra diffracta (Bak.) Cl. Bower 
(1923) points out that when such a central axis of the blade is well developed, the 
primordia of the lower pinnae appear at a point below the apex of the le^ as 
lateral outgrowths upon it. Such branching of the axis is, in reality, monopodial. 
No clear line can be drawn between the monopodial and extreme cases of unequal 
dichotomy where alternate shanks develop into the subordinate branches. The 
architecture of the leaf may be determined, then, by the type of branching of the 
apical meristem, whether by equal or unequ^ dichotomy or by monopodial division. 

The secondary veins in the pinnae or ultimate segments of the blade are 
exceedingly varied. Where the apical meristem of the leaflet primordium divides 
dichotomously from the beginning, a dichotomous pattern of veins is produced 
as in many species of Lindsaya, Adiantum and Asplenium, 

Where the apical meristem of the leaflet maintains its dominance, a midrib 
is produced and lateral veins grow outward from along its sides in a pinnate pattern 
presumably developing imm^iately back of meristematic centers located on the 
margin of the leaflet primordium. When these centers are close together, simple, 
unbranched, costaeform veins result, Pig. 1. Where some of the meristematic 
centers divide equally, once-branched veins are formed as in some species of 
Oleandra, Fig. 2. These lateral veins may be free and end at or near the margin, 
or they may be united at their tips by a connecting marginal vein as in Tham- 
nopteris, Fig. 3. Where the meristematic centers are further separated on the 
primordial blade niaigin, they tend to divide dichotomously more than once to 
form a fascicle as in Osmunda jatanica, Pig. 4, Where the blanks of the dichotomy 
are unequal, a fascicle is formed intermemate between a sympodium and a mono¬ 
podium as in Asplenium adiatUum-idgtum^ Fig. fl. 

In some species the lowest vems of adjoining fascicles grow toward each other 
and unite, forming an arching vein more or less parallel with the costa, from which 
arch grow out either simple or <mce-branched veins as in Brainea iHsignis, Fig. 6. 
Or branches of adjoining fascicles may unite to form uniform areoles without 
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Types of Venatk^ 

Explanation of Figures 1-20 

Note: The names of the types of venation are those proposed by Georg Mettenius (1856). 

Fig. 1. Costaeform venation. 

Fig. 2. Taeniopteroid venation as in Oltandra. 

Fig. 3. Venation as in Tkamnopteris, 

Fig. 4. Neuropteroid venation as in ChmundajavanicQ. 

Fig. 5. Sp^enopteroid venation as in Aspimium adiantufH’nigruftt, 

Fig. 6. Venation as in Brainea insigntSj approaching the Doodyoid type. 

Fig. 7. Sagenioid venation of Schizoloma ensjjolia. 

Pig. 8. Pecopteroid venation as in Matteuccia onentaUs, 

Fig. 0. Pecopteroid venation as in Cibattum baromeiz. 

Fig. 10. Pleomtnioid venation as in Pieris biaurita. 

Pig. 11. Venation as in Cychsorus. 

Pig. 12. Goniopteroid venation as in Abacopteris, 

Pig. 13, Goniopteroid venation as in Goniopleris prolifera. 

Pig. 14. Eupteroid venation as in Pol^odium vulgare. 

Fig, 15. Marginarioid venation as in Polypedium amoenum. 

F^. 16. Ooniophl^ioid venation as in Poly podium subaurkulatum. 

Fig. 17. Cyrto^detoioid venation as in Cyriomium fokatum. 

Fig. 18. Phlebodioid venation as in Polypoidum aurtum. 

Fig. 10. OrynaHoid venation as in Dty^ria quorcifolia. 

Pig. 20. Adaxetioid venation as in Le^sorus. Microsoriumt and Phymatodes. 
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free included veinlets as in Sckizaloma ensijolia. Fig. 7. In many natural genera 
there are sections with free veins and others in which the venation is similar except 
that some or all the veins unite to form regular areolcs without free included 


be illustrated by 

the following genera or sections 

Veins free 

Vetn.s ana!>tomosinz 

Lygodium 

Lydodidirtyon 

Aneimia 

Aneimidiotyon 

Davallifl 

Diellia 

Pteridium - 

Lonchitis 

Pteris 

Histiopteris 

Aspleniiim 

Asplemdictyon 

Diplazium 

Allanlodia 


It is evident from such a list as this that free and reticulate venation are not 
two fundarnentally different things, but rather that reticulate venation may 
develop from the open type wherever a diverging meristematic center on the margin 
of the blade primordium meets and merges with an adjacent center. 

In simple leaves, leaflets, or ultimate segments of a compound blade tlK? fascicules 
of veins which arise from the midrib may be pinnately branc’hed, not forkc'd as 
in some of the foregoing examples. These branches may themselves be siinjik? 
and unforked as in Matteueda orientalis. Fig. H, or forked as in Cibotium barometz, 
Fig. 9. The lowest veins of adjacent fascicles may unite to form a c'ostal arch with 
free excurrent veinlets as in Pteris biaurita, Fig. 10, and Cyclosorus, Fig. 11. Some¬ 
times all of the lateral veins may unite angularly with excurrent veinlets which 
may or may not extend to the next higher pair of united veinlets as in d bacopleris, 
Fig. 12» and in Goniopleris prolifera, Fig. 13. 

A fourth general pattern of venation is found in the Polypodiaceae. In the 
ultimate lobes or segments there may be veinlet fascicles in which the lowest 
branch on the side towards the apex of the segment is short and quickly determmatc, 
not reaching the margin. The other branches of the same fascicle may be free and 
nearly reach the margin as in Polypodium vulgare, Fig 14; or they may unite 
forming one row of areolcs with free excurrent veinlets ninning to the margin, as in 
Poly podium amoenum, Fig. 15; or they may unite to form two or more rows of 
areoles with one excurrent veinlet in each areole as in Polypodium subauriculatum, 
Fig. 16; or with several excurrent veinlets in each areole as in Cyrtomium fdcatum, 
Fig. 17. A variation of this pattern in which the two included veinlets meet and 
fuse, gives the venation of Polypodium aureum, Fig, IS. A second modification 
of the type of venation in Fig. 17 may have given the close reticulum without 
free included veinlets found in Drynaria querdfoHoy Fig. 19. Still a third modifica¬ 
tion of the same venation, in which the free included veinlets are irregularly 
oriented, appears in Lepisorus, Microsorium and Phymaiodes, Fig. 20. 

To summarize, it may be said that several patterns of variation of the veins of 
fern leaves exist, and that in general in each series open venation represents a 
simpler growth pattern of the margin meristematic centers in the leaf primordia 
than does reticulate venation. 

13. Fertile areas of the leaf. One of the first things that attracts atten¬ 
tion in the study of fertile leaves of such genera as Osmunda, A ndmio, or Polystichum 
is that the area of the leaf which is fertile varies markedly in different ferns. In 


EXPLANATION OF PLATE II 

Fig. 21. Unilaterally dimorphic leaf of Onoclea sensibiUs, 

Fig. 22, Unilaterally dimorphic leaf of Ptetts creiica. 

Fig. 23. Hemidimorphic leaf of Osmunda cimatnomea forma frondosa. 

Fig. 24. Series of leaves of Onocleo ssnsibilis from vegetative to reproductive. 
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some cases the transition between fertile and sterile regions is gradual, in others 
abrupt. By a study of certain species in which the leaf is fertile only in part, we 
may reach conclusions very different from that reached by Bower (1023) when he 
states, “The lower parts of the leaf are more exposed, and this may explain the 
frequent absence of sporangia at the base. Osmunda regalis is an example of this.” 

Thus, Osmunda regalis may have only a few of its apical pinnae fertile, but in 
any large collection specimens may be found which show many more fertile upper 
pinnae, perhaps all on the upper half of the leaf. Osmunda japonica of Burma 
has a sporophyll of which all the pirmae are fertile from the apex to the base, though 
in other respects it is identical with 0. regalis. Evidently we have here a physio¬ 
logical condition which in 0. regalis does not become established until after the 
“foliar determination” (Poster, 1936) of the basal and first formed part of the 
leaf has become fixed in a prospective vegetative course of development. In 
0. japenica the condition chwges from the vegetative to the reproductive state 
earlier in the ontogeny of the leaf, with the re^t that the entire blade is fertile. 
Similarly in Polystichum acrosiichoides specimens may be found which vary from 
those having only a few apical pinnae fertile to those in which all but the lowest 
few are fertile. Here again there must be a variation in the time at which the 
change takes place from the vegetative to the reproductive condition. Where 
the change is early enough in the ontogeny, the whole blade may be fertile. 

Osmunda cinnamomea which normally has the sporophyll completely fertile 
from base to tip, sometimes has leaves in which the apical half only is fertile. 
In literature this is called Osmunda cinnamomea forma frondosa, Pig. Porter 
(1930) reported leaves with only one or two fertile pinnae at the top. Had the 
shift to the reproductive condition come any later in such leaves, there would have 
been no fertile pinnae at all. It may be inferred from such examines that 
physiological states are involved, that where a shift occurs from the vegetative to 
the rem^uctive state late in the ontogeny of the leaf, only the tip is fertile; but 
that with a pr(^Tessively earlier change to the reproductive condition, more and 
more of the leaf becomes fertile until a completely fertile leaf is produced. 

In species such as Osmunda vackeUU Hk. only the basal pinnae are fertile; 
evidently here the change frcm vegetative to reproductive state, comes in early 
during the development of the leaf, but quickly shifts back again to the v^etative 
with the result that the later-form^ parts of the blade are purely v^tative. In 
the very similar O. javanica Bl. the temporary ^lift from the .vq^etative to the 
reproductive condition comes slightly later, with tiie result that a few medial 
pinnae are fertile. The same timing exists in 0. daytomana, our common inter¬ 
rupted fern, in which from (me to six medial pinnae may be fertile, depending on 
how long the reproductive condition remains. It is possible to conceive of a growth 
substance, a sporogen, as being involved in such shifts of the physimogical 
ccmdition. 

A study of certain cases of unilateral dimoiidiism, in which cme side of a leaf 
is fertile and the other sterile, may provide further evidence, for example, a qtecimen 
of Onodea senribUis from Ohio, 21, of PUeris crdicA from the Himalasras, 
Fig. 22, and of Dryapteris Ihdypte^ mentioned by Blalce (1933). Evi(feotly the 
ph 3 ^ 1 ogical condition on one side of the leaf was continuously reproductive 
while, at the same time, that operating on the other side was continuousljr v^ta- 
tive. In each of these species there are two leaf traces entering the peticde base. 
It would seem that the hypothetical hormone regulating qxne production might* 
be supplied through <me trace to one side but not throu^ the secoiui trace to the 
other ^e: no cases of such unilateral fertiHW luve been found by the writer in 
leaves having other than two leaf traces. Whatever it is that ululates tgiore 
productum, it must be tdile to work in this unilateral manner at least when two 
leaf traces are present, as well as in the vertical toaai manner already referred to.' 
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^though no general survey has ever been made as to the occurrence of different 
fertility patterns, the least frequent pattern is probably that in which only a few 
pinnae near the middle of the leaf are fertile; the next more frequent, tliat in which 
only the basal part of the blade is fertile. Probably the most common pattern 
is that in which the leaf is fertile to varying degrees from the tip downward, often 
resulting in a completely fertile leaf. 

Knowing no more than we do about the real cause of the change from the 
vegetative to the reproductive state, it is difficult to establish one fertility pattern 
as more advanced than another. Until further facts become known, we shall 
work on the supposition that there is a progressively earlier shift from the vegetative 
to the reproductive condition of the leaf during the ontogeny of the plant, and that 
there is a progressively increasing duration of the reproductive state once it has 
been initiated. 

14, Vegetative and reproductive leaf forms. Dimorphism of the vege¬ 
tative and reproductive leaves, or parts of leaves, is rather commonly supposed 
to be more or less restricted among the eusporangiate forms to the Bortychiales, 
and to Osmunda and a few other genera such as Maiteuccia and Onoclea among 
the leptosporangiate ferns. The idea of such a restricted occurrence of dimorphism 
arises, perhaps, from a study of the rather meager American fern flora in which 
there are comparatively few cases of dimorphism. Though general in the Ophio- 
glossales, dimorphism is by no means limited to that order. In both the 
Marattiales and the Filicales examples of dimorphism are to be found in most of 
the families and in over 55 genera. 

Dimorphism is neither limited to one phyletic line nor restricted to ferns 
of any one habit or habitat. Extreme forms of dimorphism are illustrated by 
such aquatic ferns as Cetaiopteris thaliciraides, by such swamp ferns as Osmunda 
cinnamomena, by such mesophytic ferns as Bolbitis, Egenoljia, and Plagiogyria, by 
such epiphytes as Platycerium and Drymoglossum, by such xerophytes as Pteris 
crelica, and by such climbing ferns as Stenocklae^c . Evidently dimorphism has 
not arisen in response to any given set of environmental factors, and cannot be 
considered as '‘a^ptive/’ 

There are varying degrees of difference between the vegetative and fertile parts, 
from subdimorphism to extreme dimorphism. Where such differentiation appears 
in different parts of the same leaf, the term hemidimorfhism is used instead of 
dimorphism. The modification involved in the differentiation of the sporophylls 
are many and varied, as may be seen from the following tabulation of differences: 

L Length of the petiole: the petioles of the sporophylls may be longer than those of the 
vegetative leaves as in Hemionitis arifolia, or shorter as in MaUeuccia struthiopUris, 

2. Expanrion of the blade: The blade of the sporophyll may expand during ontogeny 
only slightly or none at all, as in Egenolfia. A similar contraction of the sporophyll is evident 
in Cycadophyta. 

3. Shape of the blade: the blades of the sporophylls may be of a different shape than those 
of Vegetative leaves. For example, sporophyll blades of Drymo^lossum pilosiUndes and Phyma^ 
todes rhyncopk^ (Hk.) Ching are linear and the vegetative blades round or oval. 

4. Leaf maigm: the margin of the sporophyll as of Pteris cretica may be entire, that of the 
vegetative leaf toothed. 

5. Degree of dissection: the sporophyll may be much more deeply lobed or divided than 

vegetative leaf as in ihryopieris ludens, or much less deeply lobcd or divided os in 

ptAMa (Sw.) Schott. 

Synthesis of chlorophyll: the sporophylls may lack chlorophyll as in dsmunda japonica, 
A similar conditton is found in E^uisetum arvense, the most advanc^ of the horsetails. 

7, Duration of the leaf: sporophylls may be very ephemeral as in Osmunda cinnamomsa. 
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8. Season of production: in some ferns such as Osmunda japonica^ the sporophylls appear 
before the vegetative leaves; in others such as CeraiopleriSt Onoclea, and MaUeuccia they appear 
much later. 

Explanations of many different kinds have been offered to account for 
dimorphism. “Physiological advantage’' has been invoked by Copeland (1907, 
1929a); “use and disuse,” by Clute (1W8). When it is recognized, however, that 
dimorphic and monomorphic species grow side by side in the same habitat and 
survive equally well, such explanations become mere hypothetical modes of escape. 

Some evidence from intermediate forms of normally dimorphic species such as 
Osmunda cinnamomena has been offered by Clute (1905) to show that injury 
to the rhizome may affect the degree of dimorphism of the leaves produced, but 
Breckenridge (1917) showed that such injury was not involved in the production 
of intermediate forms of the leaves of Onoclea sensibilis. Road tar was suggested 
as the cause of the production of the frondosa form of Osmunda cinnamomena 
(House, 1933), but leaves of this type have been found by the writer where no such 
material was present. Atkinson (1894) claimed that a modification of the nutri¬ 
tional balance of the plant through the removal of all vegetative leaves resulted 
in the production of leaves intermediate between the sterile and reproductive, but 
similar observations made by Breckenridge (1917) failed to confirm the earlier 
results. Atkinson (1911) also claimed that fire injury could be the cause of inter¬ 
mediate forms. Price (1912) and Weatherby (1937) considered that light intensity 
and moisture conditions affect the degree of blade expansion of sporophylls. How¬ 
ever, none of the suggested environmental factors can explain the .existence of 
dimorphism itself. 

Unfortunately there is very little definite information about the growth and 
differentiation of the tissues of fem leaves; for this reason it is impossible at present 
to explain just what happens when the expansion of the fern leaf is inhibited at 
the time of spore production. The fact that dimorphism is normally associated 
with areas which are reproductive shows that both the change in the anatomy of 
the leaf and the production of sporangia are consequences of the same factor or 
complex of factors. It would seem that in some ferns the hormones that induce 
spore production modify the effects of growth substances probably associated with 
the lateral mcristem which develops the blade. That this inhibiting action may 
be slight, medium, more marked, or extreme is beautifully illustrated by forms of 
Onoclea sensibilis, Fig. 24, in which a closely graded series of leaves may be found 
from the fully expanded and slightly lobed, wholly vegetative leaf, through forms 
increasingly smaller, more deeply lobed, and sometimevS sparsely sporogenous, to 
the extremely reduced fertile blade with bead-like, fertile, inrolled lobes. 

The production of sporophylls and vegetative leaves at different seasons may 
well be a photopcriodic phenomenon. Small plants of Ceraiopteris ihalictroides 
(L.) Brongn., placed by the author in the greenhouse at Ohio State University 
on July 7, 1945, under 14-hour summer day-length, began producing sporophylls 
by August 8, whereas it was not until September 1 that plants kept in light of 
8-10-hour duration produced the first sporophyll (and that only after the plants 
had received, by accident, full length summer daylight over a weekend). On six 
plants kept under continuous light only one sporophyll was produced by Sep¬ 
tember 25th; the vegetative growth was luxuriant. It would seem possible that 
the photoperiod regulates the formation of the si^rogen. Further experiments, 
more critically controlled, should be conducted with Ceraiopteris. 

The phylogenetic significance of dimorphism of vegetative leaf and sporophyll 
is evident from a survey of the vascular plants as a whole. Sporophylls, including 
stamens and carpels, being organs homologous with vegetative leaves, (Bower, 
1923) are considered more advanced the more they differ from vesgetative leaves. 
There is a progression from the generalized processes of a double-duty, monomorphic 
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leaf to the mote specialized processes of dimorphic leaves. Monomorphic leaves 
are held, therefore, to be more primitive than hemidimorphic or dimorphic leaves. 
A genus in which dimorphism is characteristic is to be considered more advanced 
than a genus with largely monomorphic leaves, other characters being similar. 
There seems to be no factual basis for distinguishing primitive and advanced 
types of dimorphism as Eames (1936) does except as a consequence of the cladode 
hypothesis of leaf origin which is here consider^ as untenable. 

15. Dimorphism of vegetative leaves. Some ferns have in addition *to 
sporophylls two kinds of vegetative leaves. For instance, Matteuccia stridhi0pUris 
has bipinnatifid vegetative leaves on its upright stems, and in addition has large 
scale-leaves on its prostrate stems. The high-climbing ferns Lomagramma and 
Teratophyllum (Holttum, 1937a, 1937b) have acrophylls which are the leaves 
formed at high levels in the forest, and bathyphylls which are formed at the ground 
level. These upper and lower vegetative leaves differ in shape and degree of 
division of their blades. The epiphytic fern, Drynaria, has deeply-pinnatifid and 
long-petioled ordinary vegetative leaves, and sessile, less deeply-pinnatifid sterile 
leaves in the axils of which humus often collects. The primordial patterns of 
species having several kinds of leaves are considered to be more complex, and 
therefore more advanced, than those of a species having only one kind of leaf. 

16. Position of the sori. Basing their speculation on the cladode hypothesis 
of the leaf and the psiloph)rtan origin of the fenis, Bower (1923) and those following 
him (Eames, 1936, Campbell, 1940, etc.) concluded that the position of the sori 
at the margins must be more primitive than that on the abaxial surface of the leaf. 
These authors arrived at this conclusion by reasoning that since the sporangia 
of the p^ulated primitive types were apical on the branches, and since leaves 
are considered to be simply branches of a stem which had become united by 
webbing, then the marginal fx)sition of sori on a leaf blade would correspond with 
the apical position on unwebbed branches. These are quite logical deductions 
from highly speculative premises. Advance, ^om this point of view, would 
consist in any shift of the sori from their marginal position to the abaxial surface 
of the blade, a movement called by Bower (1923) “the phylogenetic slide.*’ So 
fundamental does Bower think the soral position to be' that he uses it as the 
primary character on which to base his three phyletic lines of leptosporangiate 
ferns: the Mai^nales, the Superficiales, and the non-soral Osmunda-Gymno- 
grammeoid line. 

On the other hand, if the theory be accepted that in the phylogenetic develop¬ 
ment of the sporophyte of the Metathallophyta there has been a progressive 
movement of spore production from the central axis to the periphery of the sporo¬ 
phyte, then the logical conclusion would be that marginal sori are more advanced 
than those on the abaxial surface because they are at the determinate limit of 
movement away from the axis of the sporophyte. 

Copeland (1907) has proposed that the advanced position of the sorus is that 
reached by the adaptation of the reproductive structures to their habitats: “The 
principles undOTlying the adaptations of the reproductive structures of ferns are 
very simple. . . The mature spores'must dry thoroughly enough to be easily 

and wdtt scStt^ied, and yet the drying of the spore must not involve too great 
a dessication of the frond.” Since the mai:ginal or apical position of the sori 
permits spore distribution without undue drying of the blade, the marginal position 
would thus be one of the most advanced. This is pure and quite unnecessary 
t^^logical theorizing. 

Deductions such as those drawn from the preceding three theories may be 
logical but not necessarily fit the facts. Let us therefore examine the soral positions 
mi see whether the question of what is primitive and what is advanced may be 
settled aside from an appeal to these philosophical theories. Sori occur at the 
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following places on fern leaves: first, lateral on the veins on the abaxiol surface 
of the leaf blade, or very rarely on the adaxial side as in Polysiichum anomalum 
J. Sm,; second, lateral on the veins and on the epidermal tissue between the veins, a 
condition usually called acrostichoid; third, apical on the veins. In some cases 
the veins end at the leaf margin so that apical son and marginal son become the 
samei in other cases, Pigs. 14-18, 20, some veins end far short of the margin; sori 
terminating such veins are superficial on the abaxial surface. 

•From dry herbarium specimens of acrostichoid species with much contracted 
sporophylls, it is difficult in most cases to ascertain whether the sporangia are 
really scattered over the surface'*or are borne on linear or punctiform receptacles 
which are very close together as a result of lack of expansion of the blade. Fresh 
material and occasional intermediate forms of sporophylls, which are partially 
expanded, provide enough evidence to permit a decision. 

A distinction between sori which are apical on veins and those which are lateral 
on them is far more fimdamental than a distinction between sori which are marginal 
and those which are “superficial’* on the abaxial surface, inasmuch as sori apical 
on veins may be either marginal or surficial. According to Bower’s scheme, 
Nephrolepis belongs to the Marginales group, yet in most of the species the sori 
are not marginal but definitely intramarginal or medial. Bower would explain 
this situation by saying that a phylogenetic slide of the sorus from the margin to 
the abaxial surface has taken place in Nephrolepis so that the sori are no longer 
truly marginal. Certainly such a system is taxonomicaJly very unusable because 
many species with “superficial” sori are placed in the Marginales and many species 
with marginal sori are placed in the Superficiales. 

Whether the sori of Nephrolepis are medial, intramarginal, or marginal, in all 
cases they are apical on veins. The same may be said of the rest of the Davalliaceae 
which vary as much in the relation of their sori to the margin as does Nephrolepis, 
The true relationship of all these species is shown much more clearly by the common 
apical position of their sori on the veins than by the relation of these sori to the 
leaf margin. 

Let us further test the value of the marginal-superficial category of Bower and 
the apical-lateral interpretation presented here. Oleandra is a very natural genus 
whose relationship hsus always been doubtful. Bower, however, included the 
genus with his Davallioid ferns, a group forming a imrt of his Marginales line. 
The sori of Oleandra are neither marginal, intramarginal, or even medial; in all 
known species without exception the sori are costal, that is, located close to the 
midrib. Here the phylogenetic slide must have been complete! How very 
unnatural, then, to place Oleandra in the Marginales. On turning to a con¬ 
sideration of the position of the sori on the veins, we find that the sori of none 
of the oleandras are terminal on veins, in contrast to the universally apical sori 
of the Davalliaceae; rather they are all lateral on the veins and close to Uie midrib. 
It seems to be clear than Oleandra should neither be included with the Davallioid 
ferns nor placed in the Marginales, but rather that their affinity is with the 
Thel 3 rpteroid-Asplenioid ferns. 

Although in a great majority of the ferns the sori are clearly either lateral 
or apical on the veins, there are some soral conditions which are v^ difficult to 
interpret. The distinction between the apical and lateral positions on veins 
disappears in two cases: first, if sori apical on the veins spread inward along the 
veins, and second, if sori lateral on the veins extend outward to the ap^. *^ 5 ^ 
(1942) has suggested the possible phyletic movement of the receptacle in the tribe 
Cheilantheae: “The receptacle can be thought of as having moved toward the 
vein-ends which were then correspondingly expanded, and finally to have spread 
laterally, the adjacent vein-ends connecting.” He begins his series in this tribe 
with Eunotkolaena in which the sporangia are on the terminal one-half or one-fourth 
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of the Uttle-modified veins, and carries it through Cheilanthes, whose sporangia 
are on clavate or flabellate vein-ends, to Doryopteris in which the sporangia are borne 
on a continuous commissure connecting the vein-ends. Tryon interprets the series 
as a movement of the sori outward from the terminal portion of the veins to the 
enlarged and expanded vein-ends. 

Chowdhury (1932), from the study of subdimorphic pinnae of Osmunda 
clayioniana and of extinct osmundaceous ferns, concluded that the primitive 
position of the sori of these ferns is superficial on the abaxial surface of the blade. 
But with the total failure of the fertile pinnae to expand, the sporangia appear 
to bt^ marginal although actually they can be neither marginal nor superiicial since 
there is no blade expansion. Chowdhury’s conclusion that for the Osmundaceae 
the abaxial superficial position of the sori is primitive is directly opposite to the 
conclusion of Bower (1926) that the originally marginal sporangia passed to a 
superficial position on the abaxial surface. The writer agrees with Chowdhury and 
Harris (1931) that in this family the unspecialized members show the sori to be 
lateral on the veins and not apical or marginal 

Is there any direct evidence to indicate whether the apparent spread of the 
sori has been toward or away from the apices of the veins? So far as the writer 
knows there is no direct evidence which tips the balance of decision one way or the 
other. Until something definite is known as to the nature of the control involved 
in sorus initiation, no satisfactory solution is likely to be forthcoming. Certainly 
it is unwise to prejudice the whole case by accepting the uncertain cladode theory 
of the leaf and the psilophytan ancestry of the ferns. Assuredly no appeal to 
physiological advantage’* can settle the question, as ferns with sori in all positions 
live side by side; one position would seem to be as good as another. Should 
the idea be true that there has been a movement of spore production from the 
center of the axis to the periphery of the sporophyte in the Metathallophyta, we 
could conclude that those sori which are apical on veins are advanced because 
they have reached the determinate limit of the movement toward the periphery 
of the plant body, ’ 

To summarize, then, ferns may be divided into two groups, the first char¬ 
acterized by sori borne laterally on the veins, their position ranging from very 
close to the midrib to the apex of the veins themselves. If the venation is reticulate, 
the sori may be at the point of xinion of veins. Probably derived from this group 
are the species with acrostichoid sori. The second group is characterized by sori 
normally located at the apices of veins which may or may not be expanded at the 
tip or be united by a vascular commissure. Certain ferns of this group which 
belong to the Polypodiaceae have veins which do not reach the leaf margin, Figs. 
14-18, 20. The group also includes such families as the Dennstaedtiaceae, Lind- 
sayaceae, Davalliaceae, Hypolepidaceae, Pteridaceae, Sinopteridaceae, and 
Adiantaceae in which all the veins reach the margin or equally near it. 

17. Shape of the sorus. The sporangia of ferns are grouped in clusters 
called sori on circular, linear, or large and unrestricted receptacles. These 
receptacles are usually lateral or apical on veins, but in certain genera the receptacle 
may qover both veins and the epidermal tissue between them. 

When the receptacle is small and circular, the sorus is punctiform. Should 
two or more receptacles occur so close together that their sporangia intermingle 
and appear to form one sorus, the resulting coenosorus is somewhat elongated as in 
Bolintis deltigera (Wall.) C. Chr., Drymoglossum, and Colysis. Should the 
receptacle extend along a free vein, the sorus becomes linear as in Aspknium 
and IHphtium. If the receptacle extends along anastomosing veins, a reticulate 
sporan^ pattern results as in Hemonitis and Anlropkyum, If the receptacle 
extends along a vascular commissure connecting vein-ends, a continuous marginal 
Sorus is formed. If the receptacle spreads from the veins to the adjacent epidermal 
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tissue as in Acrostickum and Platycerium, an acrostichoid sporangia! pattern 
results. 

Among the leptosporangiate ferns small receptacles on the veins may be con¬ 
sidered primitive, and any fusion or elongation of receptacles, a derived ccmdition. 
It is not to be inferred, however, from what has been said that soral shapes within 
p^eneta are widely variable unless the occurrence of coenosori is sporadic or 
intermittent. 

18. The indusium. Indusia are of regular occurrence in such genera as 
Asplenium and Oleandra; in others indusia may be of specific rather than generic 
occurrence as in Cyathea and Thelypieris. No indusia at all occur in the ferns 
included in the Polyp^oideae by Christensen (1938); in nearly all of these ferns 
paraphyses are intermixed with the sporan^. Still another group of ferns includ¬ 
ing the Pteridaceae, Sinopteridaceae, Adiantaceae, and Geratopteridaceae has 
modified and reflexed leaf-margins called false indusia. But no matter what these 
indusial seale^ hairs, or fiaps may be called, they are all fundamentally the same 
in that they are sterile growths occurring in proximity to sporiferous areas. Such 
elaboration of tissue is common in the higher plants—sep^s, petals, corona, etc., 
of flowers, and the elaborate vegetative growth associate with the inflorescence 
of the Araceae. Although indusia may “protect” young sporangia, they should 
not be thought of as having arisen in order to cany out that function, but rather as 
vegetative out-growths associated with the development of reproductive structures. 

In the Hymenophyllaceae and the Davalliaceae the indusium arises below the 
receptacle which terminates a vein, and varies from scale-like with basal attach¬ 
ment, to half-cup-shaped or tubular with basal and lateral attachment. In 
punctiform sori which are lateral on veins, the indusia may be inferior and calyx¬ 
like as in Cyathea, lateral and scale-like as in Cystopieris, lateral and reniform as in 
Dtyopteris, or superior and peltate as in Polystichum. In other sori which are 
lateral on veins but with more or less elongated receptacles, the indusia may be 
elongate-reniform as in MesoMoena, elongate and mostly unilateral but often 
hooked over the vein as in Aihyrium, or completely unilateral as in Asplenium. 

Infolded leaf-margins occur irrespective of whether the sori are indusiate or 
not; both infolded margins and iildusia may be present as in Onoclea and MarsUea; 
infolded margins but no indusia occur in rteris, Onychinm amd Ceratopteris. 

The presence of indusia in contrast to p^physes indicates neither an advanced 
nor a primitive condition, but simply a different expression of \regetative growth 
which occurs in the neighborhood of reproductive centers. The elaboration is 
localise in the one case, and is scattered throughout the receptacle in the other. 

19. The order of sporangial development within the sorus. Bower 
(1923) recognises in his main phyletic lines of the ferns three levels or conditions 
based on the order of development of the sporangia in the sorus: the Simplices, 
the Gradatae, and the Mixtae. He believes that these states of the sori “may 
severally have been achieved in accordance with biological advantage” along 
three'distinct evolutionary lines. The Simplioes include those" ferns in which 
the sporangia develop simultaneously in any one sorus. The Gradatae are those 
ferns, in any one sorus of which the Sporangia develop in basipetal or acropetal 
succession. The Mixtae are those in which the sporai^ia or^^ate in itr^lar 
order. 

Is this order of sporangial develq>ment of any phylogenetic value? The 
simultaneous development sporangia occurs in the eusporangiate ferns and in 
such l^tosporangiates as the, Osmurtdaceae, Oleicheniaceae, Schizaeaceae, and 
MatPniaeeae. These ferns are also , characterized by their circular of elongated, 
unraised receptacles which bear frcmi oi^ to a few large ^Kirangia. Of course 
where-the sorus has but one sporangium as in LygaMum the order of development 
has no meaning. This rimultanOous development of sporangia within sotuS 
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would seem to be a characteristic of those families which have a longer geologic 
history than the families in which the sporangia develop in succession. As a 
taxonomic character, therefore, soral development should take precedence oyer 
soral position which Bower uses to establish his three phyletic lines (Smith* 1938), 
In cases where simultaneous dev^opment is present in higher families* as in two 
genera of the Hymenophyllaceae* it is not associated with the same supplementary 
characters as those indicated for the more primitive families. 

Bower’s Gradatae and Mixtae really constitute but one group in which 
sporangia} initiation and development is not simultaneous but rather successive. 
Species with a regular sequence of sporapgial development are placed in the 
Gradatae; those in which *'the sporangia of different ages are aggregated together 
without any definite sequence” are pl^ed in the Mixtae. The essential similarity 
of the two groups is indicated by the fact that both re^ar and irregular sequences 
of development may be present in the same genus* as in DennstaedUa or Hypolepis, 
and by the fact that in some ferns such as DennstaedHa rubiginosa, Cyriomium spp.* 
and some of the Pteridaceae an initial regular sequence of development is follow^ 
by the interpolation of young sporangia in an unrecognized order. 

The point to be emphasized is that receptacles of gradate sori are normally 
somewhat elongated^lutnnar as in Trichomants and MalUuccia, peltate as in 
Cyathea, or dome-shaped as in some species of Hymenopkyllum The acropetal or 
b^petal sequence in sporangia! development seems to be expressed where some 
such elongation of the receptacle is present. 

The receptacles of the ‘‘mixed” sori are normally flat or only slightly raised. 
No one phyaological gradient from apex to base of the receptacle, or vice versa, 
seems to exist: the writer believes that a careful study of the development of 
these mixed sori should be made to determine if the pattern of succession of the 
sporangia is not unapparent rather than lacking as is true in a condensed cymose 
inflorescence. . 

For the present* therefore, it seems wise to give up the idea of three funda¬ 
mentally different “soral states” suggested by Bower* and to think, rather, of two 
sections of the homosporous leptosporangiate ferns: the first with sori in which 
there is a simultaneous development of the sporangia, and the second with sori 
in which there is usually a successive development of sporangia. The first group 
is further characterized by sporangia which are large and relatively few per sorus, 
most of which also open by longitudinal dehiscence. The second group is usua.lly 
characterized by sporangia which are relatively smaller and more numerous, which 
usually dehisce transvereely. 

Although it is unlikely that the group of ferns characterized by the simultaneous 
development of sporangia in the sorus has directly given rise to the group char¬ 
acterized by successive sporangial development, it seems tenable that the latter 
are more advanced than the former. 

^ 20. The sk)Hangium. It should be made clear at the outset that the 

beautifully perfect mechanism of the polypodioid type of sporangium has not arisen 
due .to any continued experimentation on the part of the plant and subsequent 
selection of the most biolc^cally advantageous forms. The oblique annulus of the 
Gradatae does nCft become vertical because “the oblique position would be 
mechanically inconvenient when the receptacle is flat” as suggested by Bower 
(1935), but rather heritable protoplasmic factors are responsible for the variation 
and modU^tion of the fern annulus. 

In that group of leptosporangiate ferns with simultaneous sporangial develop¬ 
ment, the anmxlus consists of a duster of thick-walled cells located near the apex 
of the sporangium, as in the Osmundaceae, or of an apical ring with a 1-celled 
^ical plate os in the Schizaeaoeae, of a horizontal ring with a large apical plate as 
in the Gle^heniaoeae, or of an irregular and variable incomplete ring as in the 
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Matoniaceae. Dehiscence is median longitudinal except in Plaiyzoma and Maionia. 
The sporangia are sessile or short-stalked, the stalks being more than three cells 
thick. The spore-output per sporangium (Bower, 1923) varies from 1024 to 16: 
in the Osmundaceae from 512-256, in the Schizaeaceae from 256-128, in the 
Gleicheniaceae from 1024-512 in Gleichenia flabellata, to 256 or less in G, linearis. 
In Plaiyzoma the spore-count vanes from 32—16, but there is considerable doubt 
whether this genus really belongs in the Gleicheniaceae. 

In that group of the leptosporangiate ferns with successive sporangial develop¬ 
ment, the annulus consists of a more or less complete ring which varies in orienta - 
tion from oblique to vertical. This ring may be complete with either some or all 
of its cells thickened, or it may be incomplete and interrupted by the stalk of the 
sporanghini. ^ The thin-walled part of the ring, often forming the stomium, may 
be little modified or may be clearly specialized as lip-cells. Dehiscence is lateral 
and takes place in this thin-walled area, except in Loxsotna. The sporangial 
stalk VMes from short to long, and is 4-3-1-cells thick. The spore-output per 
Sporangium varies from 420 to 1: in the Hymenophyllaceae from 420-32, in the 
Cheiropleuriaceae 128, in the Cyathaeceae from 64-8, in most of the “Poly- 
podiaceae** about 04, in the Sinopteridaceae from 64-12, in the Ceratopteridaceae 
from 32-16, and in the MarsUaeceae from 64 microspores to 1 megaspore. 

In the past, sporangial characters have been largely used to segregate families. 
Most of the ferns that have a more or less complete vertical annulus have been put 
into the *‘Polypodiaceae.” Actually there is a very marked variety in sporangial 
structure. For instance, the annulus is oblique in Odontosoria retusa (Cav.) J. Sm., 
complete and slightly oblique in PolysHchum deliodon (Bak.) Diels and in 
NeocheiropUris waltoni Ching, complete except for the interruption by the stalk 
in Cheiropleuria bicuspis (Bl.) Presl, and very broad and exceedingly variable 
in Ceratopleris. In recent years the ‘^Pol3q)odiaceae*’ have been subdivided into 
many families, sometimes on the basis of sporangial characters but more often on 
other bases. 

21. The time of sexual dimorphism. The time of appearance of sexual 
diversity in the life-cycle of plants varies at different levels of differentiation in 
the plant kingdom (Schaffner, 1923). At the most primitive level the appearance 
of sex differences takes place in the gametes themselves; their gametangia appear 
to be identical, as in the alga Uloihrix. The second level is that in which sex 
differences appear in the gametangia located on a common hermaphroditic pro- 
thallus, as in most homosporous ferns. The third level is that in which there are 
distinct male and female gametophytes as in the imisexual prothalli of Onoclea 
and MaU^uccia (MottieTf 1910). A fourth level is that in which sex differentiation 
occurs at the initiation of the sporangia in the sorus. This results in the formation 
of micro- and megasporangia, and micros and megaspores as in MarsUea. In 
the fifth level the differentiation occurs still earlier, at the initiation of the sorus, 
with the result that each sorus contains microspores or megaspores but not both. 
This occurs in Salvinia where the two kinds of son are similar in appearance, and 
in AzoUa where the sori are dissimilar. If sexual dimorphism began any earlier 
in the life-cycle, microsporophylls and megasporophylls would be formed, but this 
level has not been reached by any of the known ferns. 

The precectog twenty-one patterns of variation occurring in the ferns provide 
a basis on which the ferns of Burma will be classified. It shoidd be recognized, 
of cour^, that so^ of these patterns will be valuable primarily in the arrangement 
of species in their genera; this will be true especially of patterns of vegetative 
structures. Others, particularly those having to do with reproductive structures 
and the life-cycle, will be of use in working out the relationships of larger groups, 

From such a review of the variations occurring in the leptosporangiate ferns 
certain deductions of phylogenetic interest may be drawn. (Cf. ^haffner, 1936.) 
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1. Phylogenetic development in general is not teleological and does not advance because of 
some assumed utility of organs or mechanisms. 

2. Lamarkian and Darwinian evolutionary hypotheses receive no support from the detailed 
study of ferns. 

3. There is no general correspondence between the taxonomic system and phylogenetic 
progress on the one hand, and environments on the other. 

4. Phylogenetic development is postulated as the result of an intrinsic process which is 
dependent upon the fundamental organization of the protoplasm—a sort of “internal 
predestination.” 

5. Any one character may become more sj>eciaUzed while other important characters 
remain unchanged. 


V. The Orders and Families of Ferns 

Taxonomists who have contributed greatly in recent years to the understanding 
of the rdationships of ferns ihclude W. R. Maxon, E. B. Copeland, Carl 
Christensen, and R. C. Ching. Attention is particularly directed to Copeland’s 
treatise. The Oriental Genera of Polypodiaceae (1929), to Christensen’s most 
valuable revision of the Filicinae in l^erdoom’s Manual of Pleriodology (193S), and 
to Ching’s publication. On Natural Clasiificalion of the Family “Polypodiaceae” 
(1940b). 

In the present study the fern families are placed in five orders, the Ophio- 
glossales, Marattiales, Filicales, Marsileales, and Salvinialcs, as shown in Chart IV 
on page 105. In the past the family Marsileaceae has either been included with 
the Salviniaceae and Azollaceae in a se{)aiate order, the Hydropteridales, or has 
Ixsen included in the Filicales. Campbell (1904), Bower (1926), and Christensen 
(1938) have considered that the Marsileaceae are descended from Schizaeaceous 
stock. Eames (1936) agreed in general with this view but suggested that the 
family may have been derived from Gleicbeniaceous ancestors. Smith (1938) 
thought that the Marsileaceae could not have been derived from the Schizaeaceac, 
and that their origin should be sought among the Hymenophyllaceae or the 
Cyatheaceae. To connect the Marsileat'eae with any homosporous fern family 
is to assume a degree of change in heritable characters quite beyond that which 
a study of genetics would lead us to expect. It is wisest to place the Marsileaceae 
in a separate order, making no guesses at present as to the definite origin of this 
family. 

The order Filicales, as here delimited, includes only the homosporous lepto- 
sporangiate ferns. Linnaeus (1753) classified the 190 known homosporous species 
of ferns under ten genera— Osmunda, Onoclea, Acrostichum, Hemionitis, Polypodium, 
Asplenium, Pteris, Blecknum, Lonchitis, and Trichomanes. As more and more 
ferns became known, most of these original genera became the bases of families. 
Presl, a century after Linnaeus (1850), classified the then known homosporous 
l^tosporangiate ferns under 149 genera and 17 tribes or families. Although 
5663 ferns belonging to the Filicales were known by 1906, Christensen classified 
them under only IM genera and 8 families. We see here, linked with a three-fold 
increase in the number of species known, a reduction of over 50% in the number 
of families recognised. - By 1938 Christensen recognized 9000 species and 200 
genera ^longing to the Filicales which he classified under 11 families, one of which, 
the ^‘Polypodiamae,” be subdivided into 15 subfamilies; these, he suggested, 
might better be dealt with as families. Ching (1940), following this suggestion, 
divided the "Polypodiaceae” into 32 sections, to each of which he gave a family 
status. 'This is a l^e incrnise in the number of fern families, but it is in harmony 
with the present trend in splitting large and unwieldy taxonomic groups into 
smaller ones; for example* Copeland (1938) divided the species of the family 
Hymenophyllaceae into 33 genera in place of the two usually recognized. 
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Some of the families proposed by Ching will likely stand as natural groups, 
but not all of them. For instance, the Sphaerostephraaoeae which Ching based 
on SphaerosUpkanos J. Sm. (or Mesochlaena R. Br.) cannot stand. Smitii, himself, 
(1841), repudiated his genus as having been founded on a misconception of the 
nature of the receptacle. Ching’s “Sphaerostephanaoeae” is based on the same 
misconception and must therefore be repudiated. Copdand (1941c) pointed out 
several other families which he considered to be unnatural, but for tte present the 
writer is accepting 31 of the families which Ching has revived or propo^ anew. 

Bower, and following him Barnes, Smith, and Campbell, have considered the 
“Pol 3 rpodiaceae” to be polTOhyletic. The Davallioid and Pterc^ sections of the 
family they considered to have evolved from the Dicksoniaceae, and this family 
in txim from the Schizaeaoeae. The Gymnogrsunmeoid ferns thi^ believed to 
have originated from the Plagi^iyriac^, and this family frcnn the Osmundaceae. 
The Asplenioid, Drycpteroid, m)odBioid, Onodeoid, and Blechnoid sections of the 
P 6 l 3 rpodiaceae' thw considered to have originated from the C 3 ratheaoeae, and this 
family from the Gleicheniaceae. The Dipteroid section they supposed to have 
originated from the Gleicheniaceae through the Dn}teridaceae. 

To some extent Ching, too, has been influenced by this polyphyletic conc^t. 
He arranges the 32 families segrep'ated from the “Polypodiaceae” in six phyletic 
series as follows: first, a Lindsayoid-Devidlioid series originating from Didcscmioid 
stock; second, a Pteroid-Gynuu^^imiuneoid series origiiuting from a similar 
ancestral stock; third, a Thel^teroid-A^lenioid soies, with the Blechnoid ferns 
as an offshoot, originating fr^ Some extinct and unknown stock; fourth, a 
Cyatheoid-Aspidioid series originating from Cyatheoid stock; fifth, a Dipteroid* 
Polypodioid series, with the Elaphoglossaceae as an offshoot, originatii^ from 
Dipteroid stock; and sixth, an isolated family, Didymochlaenaceae, originating 
from unknown stock. 

The weak point of these theories which postulate the polyphyletic origin of the 
"Polypodiaceae” is the large amount of parallel development which they have 
to assume. How does it happen that all phyletic lines develop the same type 
of sporangium? As pointed out by C. A. Weatherby, we have been accustoms 
to think of evolution as largely a process of diversification; why, then, have these 
ferns produced a series of end members more alilre than their'anoestors were, and 
yet are to be kept wide apart because their ancestors are considered to have been 
different? 

Actually there is little evidence to indicate that Bower’s "Simplices”—the 
Schizaeaceae, Osmundaceae, and Gleicheniaceae—^are really parent stoda which 
have given rise to three separate phyletic lines of ferns, of which each in turn gave 
rise to certain sections of the "Polypodiaceae.” 

In Chart IV the writer has arran^ the families of the Pilicales in generally 
related groups, without implying anything as to their origin. The ferns in Groups 
A-E are characterized by sporangia located in sori which are lateral on the veins 
on the abaxial side of the leaf. Group A includes ferns which are further char¬ 
acterized by exindusiate sori in which the ^^xHungia devd<m simultaneously and 
dehisce longitudinally. Group B is further characterized by sori with superior 
peltate indusia, and by sporangia which develop simultaneoudjr and dehisce 
laterally. Group C includes tree ferns with either exindusiate or indumte sori. 
If present, the indusium is inferior and cup-like. The spotmigia develop rimul- 
taneously in species having flat receptacles, and successivdy in species with 
elongated receptacles; the annulus is oblique ai^ the dehiscsnce laterat ^Group D 
includes those non-tree fern families, which normally have indumte sori in which 
the sporangia develop successively. The tpcnangia have a name or less complete 
vertical annulus and dehisce laterally. Group E includes those non-tree fc^ 
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families which normally have exindusiate, paraphysate son in which the sporangia 
develop successively and have a more or less complete vertical annulus and lateral 
dehiscence. 

The families in Groups are characterized by sori located at the apices of 
veina Group L includes those femS in which the sporangia are borne on more or 
less cylindric^ receptacles usually with basal intercallary meristems. The develop¬ 
ment of the sporangia on the receptacle is usually basipetal, and the dehiscence, 
usually lateral. Group K includes those tree ferns having thick, erect or decumbent 
stems, sori with inferior cup-shaped or 2-lipped indusia, and sporangia with oblique 
annulus and basipetal development. Group J includes non-tree fern families 
which are usually characterized by sori each Subtended on the basal side by a 
scale-like or half-cup-like indusium, by sporangia with more or less vertical 
annulus and successive development. Groups H and I are characterized by sori 
which are not subtended by indusia as above. The sporangia may be apical or 
may extend from the apices of the veins back along the veins for a short distance. 
The margins of the fertile leaves are usually reflexed over the sori. Group I is 
further characterized by sporangia with oblique annulus; Gnnip H by sporangia 
with more or less vertical annulus. 

The families in Groups F and G are characterized by lack of indusia, and by 
sporangia scattered on elongate receptacles which follow the veins and which some¬ 
times extend to the epidermal tissue between the veins. Group G is further 
characterized by having no reflexed leaf margin, and by sporangia of the normal 
polypodioid type. Group F, on the other hand, is characterized by reflexed 
colorless leaf margins, and by very large sporangia with broad and variable annulus, 
located very far apart on the veins. 

It is not to be inferred from Chart IV that the families in each group evolved 
in the order in which they are listed, nor that families originated from the immedi¬ 
ately preceding ones on the chart. The grouping merely shows possible general 
relationships among the families of ferns and possible lines of diversification,within 
the order Filicales. 
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ReptUee of the Pttdflc World 

This book is one of a series of seven books on the Pacific Worid. published under the auspices 
of the American Committee for International Wild Life Protection. Though it covers a wide 
field, it is a very residable and useful book. 

There are separate chapters on the various groups of reptiles occurring in the Pacific area, 
chapters on poisonous snakes and the treatment id snake bite, a chapter on Pacific amphibians, 
and two chapters on collecting, preserving, and shipping specimens. At the end erf the book is a 
chart showing the distribution tn the Pa^c of the various families of reptiles and amphibians, 
and a brief bibliography. The book contains numerous keys, and there are 70 tine drawiim 
illustrating the characters used in the keys. A great deal of space is devoted to accounts of the 
habits of the groups treated. 

Except in a few groups, no attempt is made to present a complete taxonomic account of the 
Pacific forms. However, the reader will be able to identify a Padfic reptile or amphibian down 
to family, and often farther. The distribution chart will enable one to quickly determine what 
forma to expect in any island group, thoi^h it omits a few cases of introduced species. To many 
readers the most interesting parts of this book will be the accounts of Ihe habits of the types 
discussed. 

It is unfortunate that this book did not appear a few years agQ when so many miSitary 
personnel were goi^ to Pm;ific areas. However, those who have spent time in the Pacific will 
find this book particularly interesting.— D. /. Borror. 

ReptUes of the Pacific World, by Arthur Loveridge. The Macmillan Compenyr New York, 
1945. xii+259 pp. S3.00. 
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THE FERNS OF BURMA^ 

FREDERICK GARRETT DICKASON, 

Judson CoUege, Rangoon, Burma, 
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The Ohio State University, 

Columbus 10, Ohio 

Burma, with rainfalls in its various districts of 20 to 225 inches from June to 
October and with habitats from sea level up to 18,000 feet, has a very rich fern 
flora. During the hundred years previous to 1920 fern study was confined almost 
entirely to the Pegu and Tenasserim Districts of lower Burma, but with the Joseph 
H. Rock collection of 1920-1924 from upper Btnma, western China, and northern 
Siam, came the first accurate concept of the richness and variety of the ferns of 
upper Burma. 

In 1931 the C. Snydam Cutting Sikkim Expedition of the Field Museum 
brought back about 25 fern specimens from the Burma-Tibet frontier. In 1937 
the Vemay-Cutting Expedition trf the New York Botanic Garden and the Natural 
History Museum collected in upper Burma and added two ferns to the Btnma list. 
In 1943 Harold Young collected over a hundred ferns rdong the StilweU Road near 
the Assara-Burma brndcr, of which tw«ity were new records for Burma. The 
writer named the ferns collected by the Cutting Sikkhn Expedition and by Harold 
Young. Prom 1930 to 1942 the writer has collected over 325 kinds of ferns in vari¬ 
ous parts of Burma. The total number of ferns reported to date for the country 
is 4W, which belong to 104 genera. The writer’s main collection is in the Herba¬ 
rium of Judson College, Rangoon, Burma; duplicates of some numbers have been 
distributed to Gordon College, Rawalpindi, India, to Ohio State University, and 
to the Arnold Arboretum under whose auspices a part of the collecting was done. 
Nmnbers cited in the following enumeration refer to the writer's specimens, unless 
another collector’s name is given. 

Burma is so located that many ferns of both the China-Himalayan and the 
Malayan regions occur in the country. Of the 460 ferns reported for Btuma, 125 
are to be found also in that part of the Malay Peninsula which is under British 
protectimi, south of latitude 6.S” N. 'This is particularly remarkable because Burma 
lies north of the area havii^ both siunmo* and winter rains; in Burma the dry 
season lasts from the middle of October to the end of May. 'This long dry period 
nmst effectively limit the northward migration and establishment of many Malayan 
qiMCtes whose ecolrwical anmlitude is not sufficient to permit them to survive the 
long dry season. An v^publitiied list of the ferns of the Malay Peninsula com¬ 
pile in 1937 by R, Bv Bmttum of the Singapore Botanic Garden reports 419 ferns 
as occurring south of latitude 6.5” N. 

Of the 125 ferns common to both Malaya and Burma some are co5mo(K>litan 
SfXicies such as AdUmium eopiUus-veneris, Otmttnda regaiis, Pteridium aquilinum, 
and PtiHs viMaia. Others are pantropic such as Aspl^um cuneatum, Didymoch- 
laem tnmcakda, Dryoptmt paUacm, Elupk^giossum petiolatum, Hisiio^eris ittcisa, 
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Mecodium polyanthos, Mepkrolepis biserrala, cordifolia, N, exallala (falcala)^ 
Fityrogramma calomelanos, Pteris biauriia, and Pleris quadriaurita. There are 
rather more species common to Burma and Malaya which may also be found in 
Madagascar and (or) South Africa (Christensen 1932): this group includes Adian- 
inm caudatum, A. philippense, Asplenium adiatUoides^ A macrophyllunt, A. nof- 
male, A. unilaterale, C'eratopleris thaliciraides, Crepidomanes bipunciatum, Davailia 
deniiculaia, Dicranopteris linearis, Lindcaya cultrata, Microsorium punclatum, 
Ophioglossum pedunculosum, O. pendulum, Schizoloma ensifolia, Sienoloma chu- 
sanum^ Thamnopleris nidus, and Vittaria scolopendrina. 

The following genera which have representatives in the Burma flora are absent 
from Hoittum’s list of peninsular species: Arthromeris, Azolla, Botrychium, Colysis, 
Crypiogramma, Ctenilis, Cyclopellis, Cyrtomium, Davallodes, Diplaziopsis, Goni- 
opteris, Lemmapkyllum, Marsilea, Microchlaena, Monachosorum, Neocheiropieris, 
Onychium, Salvinia, Selliguea, and Woodwardia, In addition to these genera the 
Burma flora is much richer than the Malayan in Cheilantkes, Dryopteris sensu 
()ropria. Lepisorus, Pkymatodes, Polypodium sensus propria» and Polysiichum. 
1'he above 2fl genera together with many others are widely distributed from 
northern Itidia across Burma to southwestern and central China. The frequency 
of this distribution is emphasize<i by Ching’s revisions of the genera ‘'Dryopteris” 
and “Polypodium” of the China and Sikkim-Himalayan areas (1933b, 1933c, 
I93;kl, 1934b, 19:i:x', 193ab, 1936c, 1938a, 193Hb, 1938c, 1941c). These studies 
indicate essential similarity of the fern flora throughout the eastern Himalayas, 
Burma, and southwestern and central China. Since Burma is situated at the 
northwestern end of the Malaya Peninsula, and at the junction of the east-west 
ranges of the Indian Himalayas and the north-south ranges of Tibet and western 
China, the Burma feni flora is composed of species of these vast areas. Present 
reewds indicate that the northern species [ircdominate over the southeni sjx^cies 
about 3 to 1. 


KEY TO THE ('.ENERA OF THE P^NS OF BURMA 

1. Aquatic ferns . . 2 

1. Not water ferns . 5 

2. Lettflets 4. Oover-hke . .. .102. Marsilea 

2. Leaf blade not like a 44eaf <’lover .3 

3. leaves relatively large (6-18 in.), pnmatifid or comf)ound; vegctiitivc budding from the 

leaflet axils or sinuses; rooted or free floating. .101. Ceratopteris 

3. Leaves either minute or up to an inch long, entire, leaf margins not budding; free floating. 4 

4. J^eaves in whorls of 3, the upper 2 very hairy and floating, the third submerged and 

root-like . . . 103. Salvinia 

4. With very minute leaves closely placed on a branched stem, only slightly hairy; 

no diosected root-like leaf .104, AzoUa 

5. l^ves simple, margin entire or nearly so. 6 

5 I.^ves simple but dichotomously forked or palmately lobed. . 29 

5. Leaves pinnatifid or compound. . , 31 

6. Sporangia on narrow spike-Hke si3orangioi>hores arising from the base or iii>ex of 

the sterile of blade. .7 

6. Sporangia mt os above.9 

7. Sporangiophore arising from the base of the sterile part of blade; no anmiUi.s on the 

sporangia.1. Ophioglossum 

7. Sporangiophores arising from the apex of the sterile part of blade.8 

8. Sterile part of blade grass-Hke; sporangia in digitate or pinnate tassels; annulus 

around the pointed apex of the large sporangia. . 0. Schlzaes 

8. Sterile part of blade not grass-like; spDrangia small, on the very much narrowed, 
prolonged apex of the leaf; sporangia polypodtoid. 49. Hymenolepii 
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11 . 


13. 

13. 


16 . 

15 . 


17. 

17. 


19. 


19 


21 . 


21 . 


23. 

23. 


26. 


25 . 


27. 


27. 


Sporangia not in but covaing back of blade^ or so close together that they do not 

appear to be in son. .10 

Sporangia in marginal or linear aoiif or following reticulate veins.12 

round or roundish, sometimes very close together and almost hidden by etdilate hairs, 22 

10. Veins free, simple or forked.64. B laphog lo eetiin 

10. Veins anastomosing or reticulate.11 

Fertile leaf narrowly linear and entirely fertile; no stellate hairs..65. Leftoddluf 

Sporophylls usually not contracted; stellate hairs abundant, almost hiding sori, 59. Pynhoela 

12. Sori linear, parallel to margin (intramarginal) or marginal.13 

12. Sporangia forming a network along retu'ulate veins. 16 


17 

.14 

.16 

60. Drymofloamun 

_00. Doryopteria 

.63. VitUrU 


12. Sori oblique to the midrib. 

Leaves dimorphic. 

Leaves uniform. . . .. . 

14. Epiphytic, sporophyllB linear. . 

14. Terrestrial, sporophylls deeply lobed lind long petioled. . 

Linear sorus sunk in a groove at or near margin; blade grass-like. 

Linear sorus 1^ mm. inward from each margin, not sunk in grooves. .48. Leplaoms (part) 

16. Petiole of fertile leaf much elongated, polished.99. 

16, Petiole of fertile leaf like that of sterile, not elongated.62. Antropliyum 

Indusium present . 18 

Indusium lacking . 20 

18. Veins free. 19 

18. Veins united by a marginal vein. .37. Thanmopterii 

Sori in opposite pairs on adjacent veins, their indusia opening toward each other, often 

Anally confluent...36. Phyllitlt 

Sori not normally twinned in opposite pairs, single.88. Ai^tMihun 

20. Without (or with very few) included veinlets. 61. Lozogriiiiiiie 

20. Free included veinlets present in the areoles. ...21 

Leaves herbaceous; lateral main veins flexuous and pof^rly deve1oF)ed; rhizome sub- 

hypogaoous.54. Coljsia 

Leaves thick, rigid, glossy; lateral veins strong, raised, straight, reaching the margin; 

rhizcmie epigaeous, creeping.52. Sattiftwa 

22. Sori not on the end oi veins tn- at the margin; blade more than 1 cel! thick.23 

22. Sori on the end of veins or at the margin in cup or tubelike cavities; blade 1 to 

few cells thick.70. Iflcrofoniitm 

Sori in 1 row (rarely 2) between the midrib and margin.24 

Sori in several rows between the main lateral veins or irregular; sometimes uniseriate 

in Neocheiropteris ensaia .27 

24, ‘ Indusium present; venation free, forked.40. Oleandm 

24. Indusium lacking; venation not free.. . .25 

Rhizome thick, fleshy, creeping: blades coriaceous, usually pinnatifid; venatkm drynar- 

ioid or goniophlebknd, main laterals distinct.51. PliyDUKMat 

Rhizome creeping but not very fleshy; blades ustially simple.26 

26. Rhizome slender, wide-cre^ng, subfuflced; leaves distant, glabrous, fleshy, 

usually dimorphic.50. Lenunifliylliiiii 

26. Rhizome usually short creeping, very scaly; leaves fairly close, ooriaceous or 

papery, generally uniform...48. Lepteoma 

Leaves bearing stellate hairs; sori dose together, sometimes almost hidden by the 

stellate hairs.69, PynkeiU 

Leaves without stellate hairs; sod distant...28 

28. Rhizome hypogaeous, thick, fleshy, densdy scaly with a tuft of unicdUitilar brown 
hairs at point of attachment; sod covered when young with targOf luacous* 

clathrate, pdtate scales...47. HeocMrofUads 

28. Rhizome wide-creeping or scandent; no tuft of untcdlular brawn hain at point of 
attachment of rhizome scales; clatiurate, pdtkte scales in sod usually lacking, 

53. Mkfenodttm 
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29 . 

29. 


31. 

31. 


3a 

38. 


35. 


35. 

35. 


37. 

37. 


39. 


41. 

41. 


48. 


43. 


45. 


45. 


47. 

47 . 


49. 


Leaf Islade H in* each way, thinly membranous.Ooaoomnas 

Leal blade much kriRer, much thkker texture.30 

30. Ep^ihyte; leaf large, often dichotomously branched; sporangia crowded on aorifer- 

OU8 disc..—44. Platyoerhun 

30. Temstrial fem, palmatety k>bed; sori in a continuous marginal line. .00. DoryopteHt 


LeAVBS PlNNATlPXD OR COMFQVND 


Sori Burficial.32 

Sori marginal, or in spike-like, panicle-like, or strobilus-like arrangement... .33 

32. Sporangia spread over part of all the surface, not in son (acrostichoid) . . . .34 

82. ^[Xttangia in definite elongate sori..40 

32. Sporangia in round or roundish sort . .. 53 

Sporangia in mai^ginal sori. ... .82 

Sporangia in spike-like, panicle-like, or strobilus-tike arrangement.101 

34. Sporangia on apical pinnae, other pinnae sterile.100. Acmtichum 

34. Sporangia on partially or wholly fertile leaves; other leaves sterile.35 

Scandent fern, margin of leaflets cartilagenous, pinnae articulate with the rachis; veins 

parallri .24. StenodUa^ia 

Scandent, margins not cartilagenous; veins reticulate.25. Lamagramma 

Not scandent, terrestrial, exindusiate .30 

86. Leaves bipinnate with white powdery coating on the under surface, 

98. Pityrogramma 


36. Leaves pinnate or pinnatfid, without powdery coating. ... .. 37 

Rhisome erect or suberect, sometimes several feet tall.. . . 38 

Rhisome creeping, usually short.39 


38. Base of petioles covered with scales 1 in. long; base of pinnae cordate; caudex 

several inches thick.43. Brainea 

38. Base of petioles enlarged and flat on adaxial face; base of pinnae not cordate, no 

long scales.86. Plagioyiia 

Veins free.^.21. Bgenolfia 

Veins attastomoring. . . .23. Bolbltis 


Sporangia in Definite £u)ngatb Sori on Abaxial Surface 


40. Sori apparently parallel to the midribs and margins.41 

40. Sori oblique to the midribs.47 

Venation free.42 

Venation reticulate.45 

42. Leaf palmately compound (dichtomously divided).ActittlopteriB 

42. Leaf ^nnatifid or pinnate.43 

3- or 4-pmnatifid, fertile segments narrow, podlike, sori covering most of segment at 

maturity.44 

Pinnate or pinnatifid; sorus contiguous to midrib, not near the margin.... 41. Blechtium 

44. Vascular commtBure connecting vein ends; leaves more than 5 in. long. 91. Omyriiium 
44, Without commkure; leaves usually lees than 5 in. long.88. CryptQgranuna 


Pertile segments narrow; reflexed leaf margins meeting at the midrib; aquatic fem, 


, 101. Ceratopteris 

Fertile pinnae not narrowed; sori not covering the whole blade; not aquatic ferns.46 


46, Sori riiort, contiguous with midribs; indusLum present.42. Woodwardls 

46. Sori the length of the pinnae, half way between midrib and margin . 96. Taesitis 

Without tndurium... .48 

Usually with indusium.. -.50 

48. VeutB anastomosing with free included veinlets.54, ColyBis 

48. Vrins pamlW and very dose, branching once or twice.. 49 


Sori following the veins from midrib nearly to margin; distinct hydathodcs near maxgin, 

97. Cenglocnumne 
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49. Sori following veins with sporungia in 2 rows, near the margin but not extending to 

midrib; sori make line parallel with margin; huge fern; stipules fleshy.... 4. Angic^erit 

60. Sori all simple, never curved across a vein; lumen in cells of scales hyaline (clear), 

38. Aapleniuni 

60. Sori sometimes bent across a vein; delicate ferns; lumen in ceUs of scales pigmented, 

32. Athyrlum 

50. Sori sometimes double; coarse ferns; lumen in cells of sciiJes pigmented.51 

51. Veins anastomosing ... ,35. Diplazioptis 

51. Veins free. 34, Diplaziusn 


Sporangia in Round or Roundish Sori on Abaxial Surface 


53. 

53. 


65. 

55 


57. 

57, 


69. 

59. 

59. 


61. 

61. 


63. 


66 . 

65. 


67. 


Tree ferns. .... 

Not tree ferns. 

54. With costal areoles and free excurrent veins 
54. Without costa] areoles. . 


54 

,55 

. 43. Bratnea 
10. Cyatiiea 


Rachis of leaves„dichotomousJy branched, often a dormant bud in axil or branching; 

annulus transverse; sporangia sessile. .66 

Not dichotomously branched; annulus neither transverse nor oblique; s^xirangia not 

sessile. 57 

56. Leiives 1-pinnate (pectinate) above highest fork. Rhizome slender, hairy; blade 
of indefinite growth with pair of stipule-like pinnae at the forkings; veins 3-6 

forked in each group; 6-12 sporangia per sorus.8. Dicranopteria 

56. Leaves bipinnate above last fork. Rhizome often in. thick, densely scaly, 
blade of definite growth, no stipule-like pinnae at the sides of the forking; veins 

once forked; 2-6 sporangia per sorus. 9 Hiciiopteris 

Indusium lacking or quickly fugaceous ,58 

Indusium present, persistent.. . . . 68 

58. Leaves pinnatifid or pinnate.... 50 

58. Leaves slightly bipinnatifid to decompound. ... tV4 

Veins free and forked, or anastomosing to form 1 row (rarely 2) of subhexagonal costal 

areolae each with a simple excurrent soriferous veinlet.46. Polypodium 

Veins copiously reticulate forming many rows of small areoles with included veinlets... ,60 

Veins anastomosing by opposite pairs.67 

60. Some vegetative leaves wholly modified and humus collecting.58. DrynarUi 

60. No vegetative leaves entirely modified nor humus collecting.61 

Very large leaves (=^3 ft. Jong) with base of the petioles expanded and humus collecting 

(no distinct petiole).57. Pieudodryntria 

Leaver with distinct petioles, or sessile, but base not modified and humus collecting. .. ,62 

63. Blade generally pinnate (juvenile forms simple) with articulated pinnae, 

56. Arthromerii 

62. Blade simple, pinnatifid (rarely pinnate but if so, pinnae not articulate to rachis). .63 
I./eaf generally coriaceous, simple or pinnatifid with principal nerves reticulate, distinct; 

often dimorphous, sori in 1-2 rows between main veins; plant glabrous. .51, Phymatodes 
Leaf generally thin, entire (rarely pinnatifid), uniform, without distinct principal nerves; 
sori small, scattered irregularly, round, rarely in 7-8 regular rows.. .63. Ifilcsoioriuitt 

64. One vein in each ultimate leaf segment.86. Monachosonim 

64, More than 1 vein in each ultimate leaf segment.66 

Veins usually reticulate or anastomosing.67 

Veins free or with costal arch.66 

66. Habit of finely divided Pieridium aquUinum; leaf hairy on both surfaces; no 

tooth in sinuses.49. Hypolepis 

66. Habit of Pferis quadriaurita; a tooth in each sinus.19. Pt^ dr yi 

Free included veinlets present...22. *tftcUrU 

























No. 3 


FERNS OF BURMA 


115 


07. Without free included veinlets. .105 

6B. Indusium inferior, globose, entire... 11. Diacalpe 

68. Indusium peltate, reinform, or lialf cup-shaped . .69 

69. Veins anastomosing or reticulate. .70 

69. Veins free. .72 

70. Without free included veinlets . 105 

70. With free included veinlets.... . .71 

71. Small irregular areoles, included veinlets {wmting in all directions, ... 22. Tectaria 

71. Larger subhcxagonal areoles formed by repeated dichotomous branching of the veins; 
free included veinlets pointed in one direction only; sori in 1 or 2 lines, paralld with 

the midrib...17. Cyrtomium 

72. Terrestrial (or if epiphytu', then pinnae articulate to rachis). .73 

72. Epiphytic. . . 79 

73. Pinnae or pinnules articulate to the rachis. . 74 

73. Pinnae not articulate to the rachis. . . 75 

74. Indusium oblong, attached longitudimilly; leaf bipiunate 84 Didymochlaena 

74. Indusium reniform; leaf pinnate . 83. Naphrolepis 

75 Indusium suborbicular or scale-like, inserted under the base of sorus; long, weak, jointed 

hairs on costa, rachis and pinnules; veins reaching the margin.33. Cystopteris 

75. Indusium reniform. . . .76 

76. Indusium peltate.. .... 77 

75. Indusium fixed by base and sides 78 

76. Davallioid ferns, leaf pinnately d«‘om])OuTiii, pinnules tn general rhomboidul in out¬ 
line; rhizome creeping. . . . 80. Leucoatagia 

76. Dryopteroid ferns, leaves not with decompound ultimate rhomboidal segments. 112 

77. Sori in 1-3 rows on each side of midrib and parallel to it; petiole fibrillose at the base; 

pinnae nearly entire, cordate or truncate at the base .15. Cyclopeltii 


77. Sori in 1 n>w; pinnae enlarged on acroscopic side of the base, toothed; t)etiole scaly, 

14. Polyatichum 

78. Stem erect; rachis nodose above at the insertionjof pinnae; wide scales beneath at 
the base of each pinna; like Cystopteris but here veins do not reach the margin, 

79. Acrophorpua 

78. Stem creeping. MicrolepiA 

79. Leaves once pinnate, leaflets articulate to rachis. . 83. Nephrolepis 

79. Leaves several times pinnate, leaflets not articulate to rachis.80 

80. Leaves thin, pubescent, not deltoid; rhizome scales needle-pointed and mostly 

black .78. Davallodes 

80. Leaves coriaceous or herbaceous, glabrous, often deltoid; rhizome scales not 

black, but brown or grey.81 

81. Induaium thin, free except at the base .80. LeucottegU 

81. Indusium broad, firm to coriaceous, attached by base only; rhizome scales not ciliate 

(or but slightly so).Sl.HumaU 

81. Indusium attached at sides and base; rhizome scales ciliate with peltate, persistent 

bases.82. DavalUa 

86. Walls of cells thick, coarsely pitted.69. Mertngium 

Sporangia in Maroinal Sori: Round, Cui*-Shapkd, Continuous ok Inikrruptkd 

82. Leaves so thin that there is no differentiation of foliar tissues.83 

82, Leaves thick enough to have epidermis and other tissues. .91 

83. Indusium valvate. 84 

88. Indusium tubular or obconic, not valvate 87 

84, Margin entire and naked. .... 8r> 

84. Maigin toothed. . ... 86 
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85. Walls of celis not coarsely pitted... ... 68. Mecodinm 

86. Receptacle long, extruded; base of indumum obconic.69. IferingiQin 

86. Receptacle not long-exserted.. .67. BymeiMipliyQiiiiL 

87. Rhixome filiform, leaves remote.88 

87. Rhkome stout or fronds clustered .90 

88. False veinlets present.89 

88. False veinlets absent, seg^nients l-nerved.7t. VandaaboadiU 

89. Fronds pinnately divided or compouiul... .66. Crepidomasiea 

89, Fronds simple or lobed, with mai:ginal vein ..70. Mlcrofoaltim 

90. Fronds 1-pinnate, oriental.64. CephaUmuiaea 

90. Fronds bipinnatifid to decompound.71. VandenbOMliia 

91. Indusium distinctly 2-valved, rhixome covered with long, red, hair-scales; very large 

fern.72. Cibotiiiin 

91. Indusium opening along or towards margin.92 

91. Indusium or marginal flap opening away from margin.95 

92. Sori usually continiKms; leaf at most bipinnate.98 

92. Sori more or less round; leaf more compound.94 

98. Leafiets cut away on the lower side; veins free, forking.75«Lin4Mya 

93. Veins anastomosing.76. Sditroloma 

94. Leaflets cuneate...77. Stta oto sna 

94. Leaflets not cuneate (look out for DavaUia and Aspienium with sori dorsal but 

indusia reaching the margin).75. DeniiMtaedtia 

95 Leaves seriate on a creeping rhiaome.96 

95. Leaves clustered.98 

96. Veins anastomosing with costal areoles.93. HiatiopCeris 

96. Veins free or with marginal vein .97 

97 Sori round on tips of free veins.87. Hypolepis 

97. Sori continuous, on marginal vein connecting free vein tips.... .92. Pteridinm 

98. Petioles dark, polished.99 

98. Petioles not polished. 100 

99. Sori on the inside of the reflexed leaf margin; leaflets cut away on the lower side, no 

white powder on under surface.95. Adiantum 

99. Sori on the tips of free veins, not on the reflexed margin; leaflets pinnatifld; usually 

vihite powder on under surface.. .89. Cliaikuithes 

100. Son never reach the midrib; coarse ferns...94. Pleds 

100. Sori apparently from margin to midrib; leaf very decompound.91. Oafclilum 


Sk>ra^gia in Spikb'Likb, Strobilus-Likk, or Panicle-Lire Arrangement 

101. Climbing ferns, sporangia in strobilus-like marginal lobes or pitmae, with scale-tike 

indusia covering each sporangium.Lyfodlum 

101. Not climbing, sporangia not in marginal strobili.102 

102. Veins reticulate, leaf simple, entire; sporangia in two rows in a narrow close spike; 

no annulus...1. 0|khkiiglomm 

102. Veins free, leaves not simple, or if simply then grass-like.103 

103. Sterile part of leaf palmately compound; long loose ^tike-like aporangiophore arising 

from the base of the sterile blade; sporangia in crested loose dusters, 9. HehaiiiAostediys 

103. Sterile part of leaf grass-like, linear, or dkhotomously branched; sporangia in 2-4 rows 

covering one ride of dose dktichaus spikee at apex of sterile blade. 6. Sdtiaaea 

103. Sterile part of leaf pinnate to repeatedly irixmatifidly compound.104 

104. The entirely fertile pinnae never long-stalked.5. OgimwdR 

104. The fertile pinnae always long-stalked BpDrang:iophore6.2. Bolrycldniii 
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Ornera Separated from ‘‘Dryopteris*' and '^Polystichum" by Ching and Christensen 


106. Veins free (simple or forking, or with costal arch).106 

105 Veins, at least the lowest, anastomosing by opposite pairs. . . ., 117 

106. Indusium fugaceous or lacking . .107 

106. Indusium present, persistent, obvious. . .110 


107. Very long needle-like but septate pale brown hairs on all parts of leaves.. .27. LaitreopBiB 
107. Hairs not septate, or if septate, then only on upper side and not on all parts of leaves... 108 
108. Veins simple, rarely forked after leaving the midrib of ultimate lobes, 26. Thalyirteris 
108. Veins forking in groups: the abaxial basal vein of each group comes from the costa 

of the pinna some distance below the midrib of the group (catadromous). . 100 


100. Pinnae deeply pinnatifid, a tooth in each sinus.19. Pteridrys 

109. Pinnae not deeply pinnatifid; no teeth in the sinuses; very brittle . ,, 16. MicrodilRena 


110. Margins prickly serrate; segments sharply auricJed on the adiaxal side of the base. ,111 

110. Margins not prickly serrate; segments not sharply auricled on adaxial side of base, 112 

111. Leaves decompound, rhizome creeping, leaves distant, not gemmiferous at or near apex; 
anadromous arrangement of lowest pinnules of I, II, III orders, and of basal vein of 

ultimate pinnules.13. Rumoriia 

111. Leaves pinnate to bipinnate. lanceolate to oblong; rhizome oblique or erect, leaves 

c.aespitose; often gemmiferous at or near apex.14. Polystichum 

112. Prominent deltoid, acute, callous tooth at each sinus between the segments of the 

pinnae as in Bolhitis; habit of Pleri,s quadnaurita 19. Pteridrys 

112. No callous tooth at the sinus ... ... . 113 

113. Son on abaxuil branch only of forking vein; habit of Tectaria 20 Ctenitopsis 

113. Sori on unbranching lateral veins .114 

114. Multicellular, articulated, crisped, brown hairs on costa, cx>stulei», and midribs 
intermixed with clathrate scales with clear lumina in cells; dry leaves dry-brown 

or red-brown. . 18. CtenitiR 

114. No such articulated, crisped, browm hairs; cells of scales not with clettr lumina; dr>' 

lejives usually pale green (except D. sparsa and Hypodtmattum crenata) .115 

115. Base of petiole swollen, covered with imbncating, bright, nifo-brown scales, no scales 

above base; blade denselv pilose on both surfaces.28. Hypodenuitium 

115. Base of petiole not swollen, st^ales not limited to base, or if so, meager . . , 116 

116. Indusium large, persistent, thick, round-reniform; rhizome erec t or sometimes 
oblique, leaves caespitose; bases of costa and costules, and midribs decidedly 
decurrent; costa and costules deeply cnmiliculuted above, with broken flexuous 
edges; stijie usually scaly; catadronious arrangement of lowest pinnules, 

12. Dryopteris 

116. Indusium lacking, or small and reniform; rhizome creeping, leaves distant; costa, 
(t>stule5, and midribs not deterrent; grooved above, but not bmken into by 

the lateral branches; stipe sc'aly only near base. 26, Tl|«lypteriR 

117. Leaves pinnate or bipinnatihd with coadunate-pinnatifid apex; stellate or forked uni¬ 
ovular hairs absent; as a rule indusiate. .29. Cyclosonis 

It 7. Leaves simple or imparipinnate, with the mature apical pinna usually being similar to 
the laterals; stellate or forked unicellular hairs sometimes present on rhizome scales 

■ and raehis.^. 118 

118. Base of leaflets cordate; leaves often proliferous, scandent, and of indefinite 
growth; t^ort stiJked stellate cw* forked unicellular hairs present on rhizome 

scales and lower part of young rachtfi.30. Goniopteris 

118. Base of leaflets wedge-shaped or decurr^t; leaves not proliferous or of indefinite 
growth; stdiate or forked unicellular hairs absent; indusia none or if present 
generally small, thin, often hirsute and a rule fugaceous.... .. 31. Abacopteris 
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AN ENUMERATION OF THE FERNS OF BURMA AND 
THEIR DISTRIBUTION^ 

OPHIOGLOSSACEAE 

1. Opibioglossiim L. 

O, pedutuulosum Desv. Mingaladon—L. P. Khaniw, First record for Burma. 

O. pendulum L. Tavoy, Hondraw River—Parish. 

2. Botrychitiffi Swartz 

B. lunarta (L.) Sw. Adung Valley, Burma-Tibet frontier, 12,000 ft.—Ward 0986. First record 
for Burma. 

jB. lanuginosuni Wall. Loimwe. Kengung State—520; Taunggyi—Maymyo Herb. 576. 

3. Hebninthoztachys Kaulfuss 

H. ^ylanica (L.) Hk. Tenasserim—Parish; Kamorta—Kurz; Katha Distt.—Maymyo Herb 73. 

ANGIOPTERIDACEAE 
4. Angiopteris Hoffm. 

A. CQudattformis Hieron. Mogok-—108; Kengtung Territory—Rock 2323. 

A. crassipes Wall. Thandaung- -6785. First record for Burma 
A, griffilhsiana de Vriese. Mergui—Ind. Fil. 

A. helferiana de Vriese. Taungwine, Moulmein—6865; Pyinmana—7134 First record for 
Burma. 


OSMUNDACEAE 

5. OsmtmdiiL. 

O. javanica Bl. In bed of streams from Mt. Nwalabo, Tavoy—Parish; Bantai, Kengtund State— 
0260. 

0. cinnam&mea L. Loimwe, Kengtung State—9J04 First r&Xird for Burma. 

O. japonica Thunbg. Sin Lum Kaba, Bhamo EHstt.—385; Haka, Boinu River Valley, Chin 
Hills—7476 First records for Burma. 

SCHIZAEACEAE 

6. Schizaea Smith 

.S'. malaccMna Baker. Burma—Ind. Fil. 


7. Lygodium Sw. 

L. scandens (L.) Sw. Taungwine, Moulmein—6848; Namkham, N, S. S.—45, 219; Stilwell Rd.— 
Youngs 

L. polyslachyum Wall, Madremacan, Mergui—Parish; Muang Lcn, Kengtung State—Rock 
2017. 

L. salidfolium Presl. Namkham, N. S. S,—230, 233, 239, 44; Kengtung—9180; Manhsum, 
Manglon State—9756; Mogok—115, 116, 117. First records for Burma. 

L. flexuosum (L.) Sw. Mingaladon 615; Rangoon—48, 161, 168, 181, 467, 6583; Syriam—466; 
Moulmein—570, 576, 6846; Myawaddi to Kawkereik Hills, Ix)wer Burma—Rock 678; 
Kengtung State—Rock 1975. 

L.Japonkum (Thbg.) SW, Namkham, N. S. S.—226, 231, 232, 234; N’Bapa—267, 268; Loimwe, 
Kengtung State—617; Mong Pawk, Kengtung State—9827; Kalaw—46; Mt. Popa—566; 
Taungwine, Moulmein—6846; Stilwdl Rd.—^Young 7. 


rrhe nomenclature used in that of Christensen’s Third Supplement to his Index Filicum 
(1936) unless otherwise stated under the individual genera. When the relationship of species 
is evident, this is indicated by their order in the enumeration; when the relationship la not 
evident, species are arranged alphabetically. 
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GLEICHENIACEAE 
K. Dicranopteris Bcrnhardi 
(Ching 1940c) 

D. linearis (Burm.) Underw. Amherst and Mergui—Parish; Kalaw—14; Thandaung—14B; 
Namkham—14A: Mogok—SOOS; Sin Lum Kab«a-—335; Ivoimwe—533, 9129; Stilwell Rd.— 
Young 25. 

D, spkndida (Hand. & Mazz.) Ching. Thandaung—50; Loimwe—533. First records for 
Burma 

9. Hlcriopterii Presl 
(Ching 1940c) 

//. ^lauca (Thbg.) Ching. Nattaung Mt.—Parish; Sin Lum Kaba—297, 322; Stilwell Rd.— 
Young 06. 

H. laevissima (Christ) Ching. Sin Lum Kaba—^283. First record for Burma 

CYATHEACEAE 

10. Cyathea Smith 
(Copeland 1909, Holttum 1935) 

C. hrunoniana (Wall.) Cl, & Bak, Between Sadon and the Yunnan border—Ro<'k 7464. 

C. contamtnans (Wall.) Copel. Kengtung State—Rock 2097, 2087; Mogok—133A. 

C. decipiens (Scott) Cl. & Bak. Mogok—133. First record for Burma. 

6’. giiantea (Wall.) var. or sp. nov. Loimwe, Kengtung State—9123 First record for Burma. 

C. glabra (Bl.) Copel. Kengtung State—Rock 2032, 2041, 2153, 2341; Mts. in Tcnasserim—- 
Parish; Taungyeghat, Pegu Distt.—328. 

C. khasyana (Moore) Copel. Between Sadon and Yunnan border—Rock 7431; Khunpoye, 
Kungtung State—W47. 

C. kUebrosa (Wall.) Copel. Mergui—Maymyo Herb. 

C, otdhami (Bedd.) Copel. Moulmein—Clarke & Beddome; Mooleyit—Parish. 

C. spinulosa Wall. Namkham—619, 20. First record for Burma. 

C. umbrosa Holttum. Taungwine, Moulmein—8854. First record for Burma. 

» 

PERENEMACEAE Presl, emend. 

(Ching 1940b) 

11, Ditcalpe Blume 

D. aspidiouLfs Bl. Mooleyit, Tavoy—Beddome and Clarke; Mt Nwalabo, Tavoy—Parish; 

Moulmcin—Clarke; Mogok—125; Namkham—252, 260; Sin Liim Kaba—805, 307; 
Bantai, Kengtung State—-9252. 

ASPIDIACEAE Presl. emend. 

(Ching 1940b) 

Tribe 1. Dryopterideae 

12. Dryopteiif Adanson, sensu propria. 

(Ching 1938c) 

£). scoUii (Bedd.) Ching. Sin Lum Kaba—358, 376; Hoka, Chin Hills—7415. 

D, stenolepis (Bak.) C. Chr, Kambaiti Valley—Ro^ 7507; Namkham—321. 

/). atraia (Wall.) Ching. Kengtung State—Rock 2207; Keaigtung~9236; Sin Lum Kaba~330; 

Falam, Chin HiUs^7254; Haka, Chin Hills—7505, 7370. 

D. paieacea (Sw.) C. Chr. Between Sadon and the Yunnan border—Rock 7506; Sin Lum Kaba— 
834, 391; Haka, Chin Hills—7510. 

Z>. odorUoloma (Moore) C. Chr. Sin Lum Kaba—333; Taungteik, Chin Hills—^7247; Haka, Chin 
Hills—7^; Stilwell Rd.—Young. First records for Burma. 

Z>. ckrysccoma (Christ) C. Chr. Mt. Popa—545, 6614. First records for Burma. 

D, cockUaia (Don) C. Chr, Kengtung State—Rock 2265, 2345; Kengtung—9173, 9174, 9174A; 

Taunggyi—178; Mt. Popa—4147; Kalemyo, Chin Hills—7420, 004. 

D, labordii (Christ) C. Chr. Namkham—229. First record for Burma. 
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Z>. marginaia (Wall.) Clirist. Between Sadon and the Yutman border—Rock 7504. 

/>. angfiH^ons (Moore) C. Ktse. Burma—^Mebold. 

Dryopieris sparsa (Ham.) Ktze. Tenassedtn Distt.—Parish; Sadon to Yunnan border—Rock 
7503; Sin Lum Kaba—^277, 345^ 411; Mogok—328; Nomkham—12, 811; Pangwai, Keng- 
tung State—9239, 9103, 9131; Stilw^ Rd.—^Young 51. 

P. hendersoni (Bedd.) C. Chr. Namkham—340, 250. First records for Burma. 

18. JEtaniolim Raddi 
(Ching 19S4b) 

R, assamica (Kuhn) Ching. Stilwell Rd., Burma-Assam border—Young. First record for 
Burma. 

R. aristala (Forst.) Ching. Burma—Parish; Stilwell Rd.—Young 84. 

R. spedosa (Don) Ching. Namkham—255, 301; Pangwai, Kengtung State—9301. First rec¬ 
ords for Burma. 

R. simulans Ching. Namkham—317; Nawng Heng, Burma-Yunnan border 292. First rec¬ 
ords for Burma. 

R, henryi (Christ) Ching. Kengtung State—Rock 2233; Sin Lum Kaba—840. 

R. diffractc (Bak.) Ching. Loimwe, Kengtung State—9120; Nam Tamai Valley, 4000 ft.— 
Ward 9159. First records for Burma. 

14. Polystlchiun Roth. 

P. thompsoni (Hk. f.) Bedd. Adung River, Burma-Tibet frontier—Ward 9186. First record 
from Burma. 

P. ddtodon (Bak.) Diels. Maymyo—7. First record for Burma. 

P. obliguunt (Don) Moore. Goteik Gorge—212. First record for Bunna. 

P, auriculatum (L.) Presl. Stilwell Rd.—^Young 

P. neolobatvm Nakai (?). Taungteik, Chin Hills—7541. First record for Burma. 

P. aitenmtum Ching. Namkham—30, 263; Mogok—104; Sin Lum Kaba—332. First records 
for Burma. 

P. chuftii Ching. Namkham—259, 308. First records for Burma. 

P. pseudotsus-dmense Ching. Burtna-Ind. Fil. III. 

P. biariiiaium (Bl.) Moore. Kengtung State—^Rock 2116, 2117, 2309; Sin Lum Kaba—403. 

P. biarisUUum form. Sin Lum Kaba—869. 

P. SBiifetum (Forsk.) Moore. Mogok—128, 145; Chin Hills; Falam—7276; Yetagone—7542; 
Taungteik—7299. 

P. sttiferum (Forsk.) Moore var. or sp. Falam—^7280. 

P, seiiferum (Fordc.) Moore var. or sp. Falam—^7302, 7308, 7372; Haka—7609. 

P. yunnanense Christ. Sin Lum Kaba—368?; Mogok—129?; Haka—7506, 7782, 7784; between 
Sadon and Yunnan border—Rock 7521. 

P. puncHfentnt C. Chr. Between Sadon and Yinan border^Rock 7622, 

15. CydopeUis J. Smith 

C. presHana (J. Sm.) Berkeley. Burma—Ind. Pil. 

16. Mlcfochlaewi Ching 

(Ching 1938b) 

M. yunnanensis (Christ) Ching. Kengtung State—Rock 2212; Pangwai, Kengtung State— 
9195, 9248; N’Bapa—270. 

17. dvtondtim Pred 

C. kooherianum (Presl) C. Chr, Sin Lutn Kaba—^352. First record for Burma. 

TkiBB 2. Ashdibab 

18. Ctenttii C. Chr. 

C chrkei (Bak.) Ching. Between Sadon and the Yutman border—Rock 7406. 

C. rhaddepis (Q.) Ching. Maymyo—435; Taunggyi—9S&22, First records for Burma. 

19. Ptmldryi C, Chr« ic 

P. australis Ching. Valley of the Mdx Len, Kengtung Gtate^^nRock 214L 
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P. cnemidaria (Christ) Ching. Tenasscrim Distt.—Parish; Kengtung State—Rock 2140; 
Taunggyi—9291. 

20. Ctenitopdi Ching 
(Ching 1938b) 

C. sagenioidts (Mett.) Ching. Tcnasserim—Parish. 

C*fuscipes (Wall.) Ching. Taungup—Lace 2936; Pyinmana—7121; Zwagabin, Moulmein Dislt. 
—7022. 

C. setulosa (Bak.) Ching. Khunpoyc, Kengtung State—9259. First record for Burma. 

21. Sgeaolfia Schott 
(Ching 1931d) 

E. appendtctdaUi (Willd.) J. Sm. Tenasserim—Parish; Taungwine, Moulmein—6849; Pyin¬ 
mana—7120; Stilwell Rd.—Young. 

E. sinensis (Bak.) Maxon. Moulmein (?)—6621» 6657, Pyinmana—7130; Loimwe, Kengtung— 
9140. First records for Burma. 

E. hipinmUifida J. Sm. Tenasserim—Parish; Moulmein—6751. 

E. helferiana (Kunxe) C. Chr. Oktada, Martaban Hills. Kalama Range—Rof'k 759; Kyain, 
Amherst Distt.—6867. 

E. helferiana var. incisa. Lower Burma—Rock 769. 

E. nodiftora (Bory) F4e. Mawlaik, Upper Chindwin Distt —Rock 823; type from Pegu. 

22, TeotniaCav. 

(Ching 19310 

T. pdymorpka (Wall.) Copel. Moulmein—Parish 145; Thandaung—6750; Goteik Gorge— 
209; Namkham—9.236; N'Bapa—272; Kengtung—9167; Rock 19M. 20H4, 2090. 

T. haterosora (Bak.) Ching. Stilwell Rd.—^Young. 
r. tenerifrons (Hk.) Ching. Moulmein—Parish 92 (type), 
r. chtiUagramica (Cl.) Ching. Sandwut—I^ce 4799, 5178. 

T. vasta (Bl.) Copri. Kengtung State—Rock 1938, 1957, 2132, 2139. 

1\ suhtriph^^ (ffle. & Arn.) Copel. Burma.Parish; Htam Sang Caves, Hopong State—8094. 

T. suhtriphyUa (Hk. & Arn.) Copel. var. appr. T. Rockii., Zwegabin, Moulmein—7043; Croteik 
Gorge—208. 

T. rockii C. Chr. Goteik Gorge—Lace 4867 (1909); 208A, 9525; Takaw Ferry—9288, Sampu, 
Namkhok State—8345; Kanpetlet, Chin Hills—8570. 

T. irreiularis (Presl) Copel. Tenasserin—Parish. 

1\ irregidaris (Presl) Coi)el, var. difformis Bl. Mergui—Maymyo Herb. Kyaukthanba, Pyin¬ 
mana—7121. 

T. subpedata(HBXT.) Ching. Namkham—28. 

T, decurrens (Presl) Copd. Goteik Gorge—Lace 4993 (1909). 

T. variolosa (Wall.) C. Chr, Tavoy—7977, Moulmein—567, 6844; Pcgu-Clarke; Syriam—462, 
Mt. Pbpa—6626 (?)• 

T. ebenina (C. Chr.) Chi^. Kalemy0—7219; Tiddim, Chin Hills—623 (?). 

r. coadunala (Wall.) Ching. Moulmein—Parish, Maymyo Herb. 561. 

r. mnUkandaia (Wall.) Ching. Moulmein and Mergui—Beddome; Chappedaung—Wallirh. 

23. Bolbitis Schott 

B. coidaminans (Wall.) Ching. Burma—Beddome, 

B. dMiera (Wall) C. Cfer. Zwegabin, Moulmein—7029; Yetagone, Chin Hills—7766. 

B. helerodUa (Preal) Ching. Tenasserim Distt.—Parish. 

B. scalpluefUu^ (Pee) Ching. Tenasserim Distt.—Parish. 

B. undnkUa fWall.) Ching. Martaban—Parish (1827); Zwegabin, Moulmein—7014; Than¬ 
daung (?)-6711. 

24. StenochlaeM J. Smith 

5, palustris (Burm.) Bedd. Tenasserim—Parish; MoulmeingyuA, Henxada—6903; Rangoon— 
65S7; Thandaung-^. 

5, sorhifoUa (L.) J. Sm. Tenasserim—Beddome; Packchan—Parish. 
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25. Lomagraxtmui J. Smith 
(Holtturn 1937b) 

nmUhswii (Ching) Holtturn. Salween River, Road to Kengtung--9289, First record for 
Burma 


THELYPTERIDACEAE Ching 
(Ching 1940b) 

Tribe 1, Thelvpteridrae 

20. Thelypteria Sc hmid el 
(Ching 1930() 

T. auriUi (Hk.) Ching. Upper Burma—O. Forrest. 

7. opposilipiftna (v.A v.R.) Ching Sin Lum Kaba*^357. First rec'ord for Burma. 

V. hrunnea (Wall.) Ching Namkham—274, 312, First records for Burma 
'J' Mamydophora (Rosenst.) Ching. Burma—Ind. Fil. III. 

7 cUiaia (Wall.) Ching. Kengtung State—Rock 2185, 2200; Wiley of the Nam Tamai, Burma- 
Tibet frontier—Ward fiU7; Stilwell Rd.—Young 7; Thandaung —0782. 

T erubescens (Wall.) Ching. Falam, Chin Hills—7270, 7271; Haka. Chin Hills 7390, 7413. 
First records for Burma 

7 , tuberculifera (C. Chr ) Ching. Kalaw—13A; Taunggyi—176; fxjimwc, Kengtung State— 
9106; Falam, Chin Hills—7239; Haka, Chin Hills—7011. First records for Burma. 

7 . xyMes (Kze) Ching. Kengtung State—Rock 2234; I.oimwe-523 (?); Mogok—154; Sin 
Lum Kaba—270; Falam, Chin Hills- 7250. 

r. falctloba (Hk.) Ching Kengtung Stale -Rock 2082; Kengtung—9182, 9225. Maymyo~8; 
Mogok—143 

7. (Kkikodeh (Kze.) Ching. Thandaung--41778; Kalaw—13; Loimwe, Kengtung—9100A; 

Mogok—148; Haka, Chin Hills—7673. First records for Burma. 

T. duclouxii (Christ) Ching. Burma—Maymyo Herb. 506. First records for Burma. 

T. glanduligera (Kze.) Ching. Sin Lum Kaba—459 (probably). First record for Burma. 

7'. fiaedda (Bl.) Ching. Sin Lum Kaba—379. First record for Burma, 

T. ultgtnosa (Kze.) Ching. Anisiikan—427; Mt. Popa—0619. First records for Burma. 

7'. orva/a (Wall) Ching Burma—Punsh; East of Bhamo—Ro<'k 7842. 

27. Lastreopdt Ching 

L pamhii (Hk.) 0. Ktze. Moulmein—Parish. 

28, Hypodematium Kunze 
(Ching 1935b) 

//. crenutum (Forsk.) Kuhn. Anisakan—422, 428; Mt. Popa—548, 6620; Yetagone, Chin 
Hills—7333. First records for Burma. 

Tribe 2. GoNJoriERiBEAE 

29. Cydoeorus Link 
(Ching 1938a) 

C enmpes (Hk.) Ching. Kengtung State—Rock 2089; Yanka, Kengtung—9234; Mong Nai. 
S. S. S.^ 7852; Takaw Ferry—9287; Sin Lum Kaba—347; Mogok—151; Kyaukthanba» 
Pyinmana—7125. 

C\ extensus (Bl.) Ching Tenasserim—Parish. 

C. multijugus (Bak.) F. G. D. Falam, Chin Hills—7289. First record for Burma. 

C. ivterruptus (Willd.) Ching. Tenasserim Distt.—Parish; Kyauktalon, Moulmein Distt.—* 
0837; 6842; Mt, Popa—6604; Goteik Gorge—204. 

C. gongyhdes (St'hkuhr.) Link. Kyain, Moulmein—6869; Mingaladon—603; Inle Lake, S. S, S.— 
187, 7880; Kengtung—9190. First records from Burma. 

C. moihusculus (Wall.) Ching. Kengtung State—Rock 3187, 2189. 

C parasiticus (L.) Farwell. Thandaung—66; Namkham—300; Pangwai, Kengtung State— 
9203. First records for Burma. 
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C. subpuhesccns (BI.) Ching. Kyauktalon, Moiilmein—6837A, 6840, 6841, Kyaiii, Moulmein— 
6858; Mt. Popa—6627A; Rungoon--188, 6627; Maymvo™416, 423; Goteik Gorge—210; 
Namkham—222; Falam, Chin HiUR—7248; Pyinmana—7109 

C. burmanicus Ching. Kengtung State—Rock 2247. 

C. meeboldi (Rosenst.) Ching. Tenasserim—Meebold 2152 (type). 

C truncatus (Poir ) Furwell, Kengtung State—Rw'k 196^1; Yanka, Kengtung Stale—9226 
sens lat. 

r. ktrlisorus (C. Chr.) Ching. Kengtung State—Rock 2208 (type), 2235, Loimwe, Kengtung— 
514, Mogok—55A (?). 

C\ subelatus (Bak.) Ching Kengtung State*—Rock 2113, Kengtung—9185, 9185A: Mogok— 
152; Namkham—323, 324 

30 Oonlopteris Ih-esl 
(Ching 1938a) 

C proltfera (ReU) Prehl. Mergui- Hope; Kengtung Slate—Rock 2115; N*Bapa—288; Kale- 
mvo*-7202: Tiddim, Chin HillH—601 

31. Abacopterit Fee emend 
(Ching I938s0 

A, triphylh (Sw ) Ching. Tenasserim—Parish; Kvain, Amherst Djstt.—6860; Stilwell Rd — 
Young 39. 

A. irtphyiUi var, p<irishn (Bedd.) Chmg. Tenasserim—^Beddome. 

A rubra Ching. Thandaung—54, 6787; I^oimwe, Kengtung—532, 9122. 

A rubra uir. hir^^ula Ching. Kengtung State—Rock 2136; Maymyo 41; Stilwell Rd —Young 33 

A, pre^ltana Ching Namkham—246; Yetagone, Ching Hills—7309. 

A mulHlineatum (Wall.) Ching Moulmein—Parish; Kyain, Amherst Distt.—6856, Sin Lum 
Kabu—339; Namkham—39, 237, N’Baiwi—^304, Kengtung Stale—Ro(‘k 1936, 1938. 2142 

A p^nungutno (Hk.) Ching Maymvo- 412, 421 A, 421 (?) First records from Burma. 

ASPLENIACEAE Pres] 

(Chmg 1940b) ’ 

Tribk 1 Aihyrikae 
32. Athyrium Roth, 

A acrostichoules (Sw ) Diels. Sin Lum Kaba -266. First record for Burma* 

A. alktnsom Bedd, Sin Lum Kaba—354. First record for Btirma, 

A. australe (R. Br.) Presl. Burma—Beddome. 

A. boryanufu Tagawa (“Dryoathyrium Ching). Toimgoo—Maymyo Herb. 565. 

A. brevisorum (Wall.) Moore Taiingdong Mts. near Ava—Wallich. 

A. dtssiHfolium (Bak.) C. Chr. Kengtung State—Rock 2666, Rock 2fi91: Ix>imwe—511, 512, 
9208; Taunggyi—179, 9890; Kalaw—23; Mayniyo—418 (?); Falam, Chin Hills—7351; 
Haka, Chin Hills—7570, 

A, dissHUfoltum /. suhbtpinnata. Tiddim Chin Hills—600; Haka—7694, 

4. drepenopterum (Kze.) R. Br Between Sudon and Yunnan border—Rock 4776; Mogok—H2, 
144. 

A, drepenopterum var. funebre Christ. Between Sadon and Yunmm Ixirder—Rock 7477. 

A. fakatum Bedd. Mt. Bopa—^541. First record for Burma. 

A. macrocarpum (Bl.) Bedd. Near Kanibuiti—*Rork 7484. 

A. ni^npes (BL) Moore. Between Sadon and Yunnan border—-Rock 7519. 

A. niponicum (Mctt.) Hance. Taunggyi—177, I77A. First record for Burma. 

A. procerum (Wall.) Milde. Mogok—131; N'B4pa-“280, 286; Haka, Mossy Forest—7511 
First records for Burma. 

A. seliferuni C. Chr. Between Sadon and Yunnan border—Rock 7518, Rock 7530. 

A, speciabite (Wall.) Presl. Goteik Gorge—211; Takaw, Kengtutig State—9286. First records 
for Burma. 

fd. stri^osum Moore. Between Sadon and Yunnan border—Rock 7420 (?). 
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33. CystopiteiiB Bemhardi 

C. tenui&ecUi (Bl.) Mett. Moulmein Mts.—Bedd.; Moolcyit, Tavoy—Parish. 

34. DfRUudiim Swartz 

D, haniamense Bl. Tenasserini—Parish; Stilwell Rd,—Young. 

D. dilaiatum Bl. f. dihersifoltum (Wall.) Kengtung State—Rock 2134. 

D. dUatatum Bl. f. laiifiMum (Don). Kengtung State—Rock 2036, Rock 21S4; between Sadon 
and Yunnan border—Rock 7443; Loinwe—9141A; Mogok—102, 149, 3^. 

2), esculentum (Retr) Sw. Kengtung State—Rock 2114; Teeyang, Tenasserini Distt.—Parish: 

Tavoy—8015; Kyain, Amherst Distt.—6857; Kalcmyo—7228. 

/?. japonicum (Thbg.) Bedd. Stilwell Rd.—Young 78. 

D. lanceum (Thbg.) Presl. Stilwell Rd.—Young 7. First record for Burma. 

D. leptopkyUum (Bak.) Christ. Kengtung—9172A; Haka, Chin Hills—7572, First records for 
Burma. 

D, lohhianum (Hk.) Moore. Kengtung State—Rock 1937. 

D. megapkyUuiii (Bak.) Christ. Salween River at Kengtung Road—9290. First record for 
Burma. 

D, opacum (Don) Christ. Loimwc, Kengtung State^-9141. First record for Burma. 

D. pallidum (Bl.) Moore. Tenasscrim—Parish, 

71. peterseni Kzc. Thandaung (?) —6736. First record for Burma. 

D. poiypoddoides Bl, Between Sadon and Yunnan border—Rock 7434; Takaw, Kengtung 
State—9294; Haka, Chin Hills—7482. 

D. siamen^e C. Chr. /. acuminata. Loimwe, Kengtung—506. First retx^rd for Burma, 

D. sikkimense (Cl.) C. Chr. Kengtung State—Rock 2188. 

21. silvaticum (Bory) Sw. Chappedong Hill, Burma—Clarke. 

D, tomentasum Bl. Tenasserin—Parish. 

D, viridfssimum Christ. Kengtung State—Rock 2131. 

35. Diplagiopcls C. Chr. 

D jamniai (Bl.) C. Chr. Stilwell Rd.—Young 29. First record for Burma. 

Tribe 2. Asplknieak 
36. PhymtiB Hill 

P. delamyi (Franch) C. Chr. Upper Burma—^Ind. Fil. 

37. ThaninopterU Presl. 

T. ntduni L. Tenasserim Distt.—Parish; beyond Sadon near Yunnan border—Rock 7467; 

Loije, Bhamo Distt.—410; Yanka, Kengtung State—9229. 

T, phyUiUdis (Don) Presl. Kengtung State-Rock 2181. 

T. ^rei'ellei (Wall.) Moore. Tavoy Island—Parish. 


A. ensiforme Wall. Ta-ok—Parish, Temiaserim—Hope; Moulmein—Clarke; Nattaung, Kar- 
renni—9457; Ashe-myin-Anauk-myin, Lawk Sawk State—8703, 8717; Sampu, Namkhok 
State—8359; Mt. Victoria, Chin Hills; 8595, 8598; Mogok, Taungme—110; Sin Lum 
Kaba—402; N'Bapa—209; Pangyang, Manglun State—8071; Adung Valley, Burtna-Tibet 
frontier—Word 9834. 

A. gr%JMkianum Hk. Mergui and Tavoy—Beddome; Stilwell Rd.—Young 64; Burma-Tibet 
frontier, Nam Tamai Vall^—Ward 9165- 

A. amboinense Willd. Mergui and Tavoy—Parish. 

A. normale Don. Ta-ok—Parish; Loimwe, Kengtung State—9121; Stilwell Rd.—Young 82. 

A. normale var. minus —Kambaiti—^Rock 7508. 

A. longissimum Bl. Moulmein southwards—Parish. 

A. mgfUianum Wall. Bunna—Beddome. 

A. tenerum Foret. Tcnaeeerim Distt.—Pari^. 

A. peUuddum Lam. Madremacan Is., Nergui—Parkh; Moulmein—Bedd. 
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A, cheilosorum Ktinze. Zwakabin—Parish; Nattaunjc, Karrenni—9479, 9418; between Sadon 
and Yunnan border—Rock 7426; Stilwdl Rd.—Young 89. 

A. unilaieraU Lam. Zwegabttit Moulmcin—7024; Nattaung, Karrenni—9477; Mt. Popa—((002. 
A. unikUercUe var. rakaoense (Yabc) Hay. Between Pang Ma Ki Hat and the Siamese border— 
Rock 1947; Slilwell Rd.—Young 12. 

A. uniialerale var. deltcaiidum Par. Mergui—Parish, Ta-ok—Parish. 

A. unUateraU var. udum Atk. Htam Sang Caves, Hopong State”-8209; Sampu, Namkhok 
Sute-~8291: Mt. Victoria—8466. 8498, 8668; Haka—7574; Stilwell Rd.—Young 68. 

A. adiantoides (L.) C. Chr. Moulmein southwards—Clarke; Hopong, Ho|^)ong State—8264 (?), 
8087 (?). 

A. macfopk^um Sw. Stilwell Rd.—Young 16. First record for Burma. 

A. uropkyUufh Wall. Henzada—6900. First record for Bumui. 

A. exiguum Bedd. Kalaw—16; Taunggyi—8093, 9391. First rec'ords for Burma, 

A. rockii C. Chr. Near N'Bapa ford, Burma-Yunnan bonier 290A. First record for Burma. 

A. laciniatum Don. Kalaw—16; between Sadon and Yunnan border—Rock 7422 
A. pianicauU Wall. Between Sadon and Yunnan border—Rock 7417; Mogok—103, 120; Taun¬ 
ggyi—9318; Thandaung 6714A; Haka, Chin Hills-7366. 7556, 7579. 

A, crinicauie Hance. Mt, Nwalabo, Tavoy Disit. (0—8245; Sin Lum Kaba—398; Stilwell Rd.— 
Young. First records for Burma 
A. praemorsum Sw. Thandaung—6714. First record for Burma, 

A, nitidum Sw. Tenasserim Distt.—Parish, 

A. cuneatum Lam. Stilwell Rd.—Young. First record for Burma. 

A. huUaium Wall. Adung Valley, Burma-Tibet frontier—Ward 9186. 

A. Unutfohum Don. Kalamataung, Martaban—Parish; Bernardmyo, Mogok—123; Mt, Vic¬ 

toria, Chin Hills—8315; Ashe-myin Anauk-myin, J.,awk Sawk State—8709, Sampu, 
Namkhok State—8332; Pangwai, Kengtung State—9215, Pangyang, Manglun State— 
8073. 

A sekiUeifoUum (I.»am ) C, Chr. Maymyo Herb. 588. 

39. Ceteracli Garsault 

C paucivenosn Ching. Adung Valley, Burma-Tibet frdutier—Ward 9230. First reord for 
Burma. 

OLEANDRACEAE Ching 
(Ching 1940b) 

40. OiMadraCav. 

O. cumingtd J. Sm. Taungwinc Range, Moulmein—Parish; Madremacan, Mergui—Parish. 

0. musifoHa (Bl.) Presl. Thandaung-—60. First record for Burma. 

0. nen^&rmis Cav. Dauna-taung east of Moulmein—Parish. 

0. undidata (Willd.) Ching, Moulmein—Baker; Kengtung Stale—Rock 2026. 

O. waUichii (Hk.) Presl. Burma—Beddome. 

BLECHNACEAE Ching 
(Ching 1940b) 

Tribe 1. Blbchnbak 

41. nedmurn L. 

B. oritniaU L. Moulmojin—Parish; Taungwine, Moulmein—6S50, Kyain, Amherst Distt.— 

6855; Taung Thonta, Tavoy—8011; Rangoon—8131; Thandaung—59; Mogok—620; 
Nfimkham—4, 18, 19. 223; Pangyang, Manglum State—8084. 

Tribe 2. Woodwabdieae 

42. WoodwttnQa Stnith 
(Ching l931a) 

W, jupawica (L.) J, E. Smit^. Kengtung State—Rock 3006; Loimwe, Kengtung State—9102. 

W, Nakai. Adung Valley, Burma-Tibet frontier—Ward 9309. First record for 

Burma^ 
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Tribe 3, Brainhae 
43. Braine* J. Sm. 

B, tmt^nu (HK.) J. Sm. Mooleyit, Tavoy—Parish; Yunzalm Mts.—Parish; Mogok —139; east 
of Pangyung, Manghm State-^very common, trunks 3 ft. high; Loimwe—9235; Kengtung 
State—Rock 2028. 


P1.ATYCER1ACEAE Ching 
(Ching 1940b) 

44. Platycerium Desv. 
coronartum (Konig) Desv. Mergui and Islands—Parish. 

P. unllichn Hk Tenasserim—Beddome; Taungwine, Moulmein—Pansh; Moulmein —31, 
Pyinmana—500; Thandaung—8397; Anisakan, Maymyo—419; Kalemyo—7223; Bhanw. 

GRAMMITACEAE Presl emend 
(Ching 1940b) 

45. Ctenopteric Blume 

C khti.\yana (Hk.) Dickason. Nam Tamai Valiev, Upfier Btuma—Ward 9146. First ret'ord 
for Burma. 

C. ^uhfalcaia (Bl.) Dickason. Between Sadon and Yunnan borderRock 7400, Nattaung, 
Karenni-9460; Haka, mossy forest--7578 

POLYPGDIACEAE Presl (sensu propria) 

(Ching 1940b) 

SuBhAMILY 1. POLYPOOIOIDKAK 

45. Polypodium L. 

(Ching 1933d) 

P. mtinnunense Christ. Taunggyi—471, 8112, 8116, 9050; Ixiimwe, Kengtung State--534; 
Pangyang, Manglun State—8059; Nattaung, Karenni—9458, First records for Burma. 
mtcrorktzoma Clcirke. Maymyo Herb 25678. 

J\ nippomcum Mett. Burma—Ind. Fil. 

P, amoenum Wall. Between Sadon and Yunnan border—Rock 7455; Pangyang, Manglun 
State—8058; Nattaung, Karenni—9471; Mogok--137; Sin Lum Kaba—375; Stilwell 
Rd.— Young 83. 

P. argutum Wall. BetW'een Sadon and Yunnan border—Book 7600. 

P, pbtudoconnatum Coi>eI, Kyaukme Taung, Tavoy Diatt. —8009. 

P suhauficulatum Bl. Tenasserim Distt.-—Parish. 
heddoniei Bak. Waytamurgay, S. S. S.—^Parish. 

SUBFAMILY 2. PlEOPELTIOIDEAE 

47. NeocheiropteriB Christ 
(Ching 1938b) 

N, ensata (Thbg.) Ching. Stilwell Rd.—Young 11. First record for Burma. 

N. phyllomanes (Christ) Ching. Htam Sang Caves, Hopong State—8268; Namkham—40; 

Kanpetlet, Chin Hills—8429; Yetagone, Chin Hills—7762. First records from Burma. 
N. land folia (Alston) Dickason. Nam Tamai, Upper Burma—Ward 9172 (type). 

48. Lepisorua (J. Sm. )Ching 
(Ching 1933b) 

L. contortus (Christ) Ching. Sin Lum Kaba-—638; KalaW'--629. First records for Burma, 

L excavatus (Bory) Ching var. scolopendrimm (Ham.) Ching. Maymyo Herb.—1774; Sin Lum 
Kaba—365 probably. First records for Burma. 

L macfospkaerm (Bak.) Ching. Kalaw—631; Sin Lum Kaba--367, 371, 377. First records 
from Burma. 

L. macfosphaerus var. asterolepis (Bak.) Ching. Taunggyi—8378, 9047; Sampu, Namkhok State 
—8363; Molahein Mt,, Lawk Sawk State—8744; Mt. Popa—568; Mt. Victoria—8486, 
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8590, Falam, Chin Hills-7244; Haka. Chin Hills—7399, 7418, 7598. First rec-ords for 
Bvimia. 

L. obscure-venuhsus (Hav ) Chinj? Kalaw—630, 628 (near). First rcrords for Bunna. 

L. oHgoleptdm (Bak ) Chitij^. Between Saclon and Ytmnan border—Rot-k 7494; Thandannj^-- 
0720. 

L, odsphiierus (C. Chr.) Ching. Kalaw-- 9592; Taiinggyi —8125, 8786, 904S, Ixnniwe, Kengtiing 
State—502. First records for Burma. 

L. pseudonudus Chmg. Between Sndon and Yutuian border—Rock 7498; Thandaung—6780. 

L. ainensis (Christ) Chmg Between Sadon and Yunnan border—Ro('k 7488, Lin Lum Kaba ^ 
304. 

/.. sordidus (C. Chr.) Chmg forma roslraia (C. Chr ) Chmg. Between Sadon and Yunnan 
border—Rock 7509. 

L mbconfiuens Ching Namkham- -302A (?). First record for Burma. 

L suhhnearis (Bak.) Ching, Between Sadon and Yunnan border—Rock 7424; Loi Maing, 
Sampu, Namkhok State—8304, Haka. Chin Hills—7558, 7570. 

L sublinearts var Kalaw—4. First record for Burma, 

L thunb€rp<inus (Klf.) Chmg. Between Sadon an<l Yunnan border—Rock 7421, Sin Lum 
Kaba'“633; Mogok-Bemardmyo Rd.--172: Namkham—032; Mt. Popii—500; Than- 
daung' -51 

49. Hymenolefds Kaulfuss 
(Christensen 1929) 

// henryt ]heron, Stilwell Rd.—Young. First record for Burma 

50 Lemmaphyllum Presl 
(Christensen 1929) 

(Ching 1933b) 

L suhroalratum (C Chr.) Chmg Daurui Taung, east of Moulmein-'Parish, Sampu, Namkhok 
State—8353; between Sadon and Yunnan border -Rock 7403, Falam, Chin Hills 7273; 
Stilwell Rd.—Young 9. 

TrIUE 2. PHVMATOI>li\E 

51. Phymatodes Presl 
(Ching 1933d) 

P. grtffUhiatui (Hk.) Chmg Between Sfidon and Yunnan b<)rder—Rock 7528; Yatagone, Chin 
Hills—7350. 

P. rhyncophyUa (Hk.) Ching. Daunii Taung.Parish; Mooleyit, Tenasserim—Beddome, between 
Sadon and Yunnan iR^rder—Rock 7513; Loije—Sin Lum Kaba Rd.—390; Nattaung , 
Karenni—9453. 

P. crtiuUo-pinnaia (Cl.) Chmg. Kalaw--9588; Taunggyi-' 181, 8771; tx)UTiwe, Kengtvmg 
State--526. First records for Burma. 

P, trisectn (Bak.) Ching. Maymyo Herb. 

P. oxyloba (Wall.) Presl. Daung Taung—Parish; Thandaung—53; Nattaung, Karenni—9452; 
Molahein Mt., Lawksawk State—8760; Pangyang, Manghm State—8066; Loimwe, 
Kengtung State—525; Tiddim, Chin Hills—626. 

P. sp. nov. Mt. Popa—538. First record for Burma. 

F. lucida (Roxb.) Ching. Kalaw—27, 405; Sin Lum Kaba—341. First records for Burma. 

52. SeUigueR Bory emend. 

(Ching 1933c) 

S, fh Bory. Tenasserim and Mergui—Parish. 

53. Microiorimn Link 
(Ching 1933c) 

U. normale (Don) Ching. Mooleyit, Tenasserim—-Beddome; Mergui—Parish; between Sadon 
and Yunnan border—Rock 7510; Sampu, Namkhok State-—8338; Asbe-m 3 rin Anauk- 
myin, I.4iwksawk State—8702. 
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Af. hymenodes (Kze.) Cbing* Yetagone. Chin HiHs—^7754; Stilwell Rd.—Young. First records 
from Burma. 

M. superficiaU (Bl.) Ching. Between Sadoii and Yutumn border—Rock 74R7; Sin Lum ICaba — 
400; Pangwai, Kengtung State—9202; Taungteik, Chin Hills—720S. 

M. puncUthtm (L.) Copel. Kengtung State—^Rock 2188; Bhamo—412; Goteik Gorge—207; 
Hrawng Vung, Haka, Chin Hills—7637; Moulmeingyim—6913; MouJmein—6852; 
Tavoy--7996. 

M zippelii (Bl.) Ching. Sin Lum Kaba—408. First record for Burma, 

M. membranaceum (Don) Ching. Tenasscrim Distt.—Parish; between Sudan and Yunnan 
border—Rock 7478; Thandaung—52. Taunggyi—8118, 9029. 

M, hancockii (Bak.) Ching. Tenasserim—Parish; Kengtung State-^Rock 2186; Loimwe, Keng¬ 
tung State—9143. 

M. zosteriforme (Wall.) Ching, Mooleyit, Tenasserim—Parish. 

M, pier opus (Bt) Ching. Kyain, Amherst Distt.—6866A; Stilwell Rd,—Young 32. 

.54. Co^sia PresI 
(Ching 1983c) 

C. hetnioniHdea (Wall.) Presl. Tenasserim Distt.—Parisli. 

C. pedunculate (Hk. & Grev.) Ching. Stilwell Rd.—Young. First record for Burma. 

C. henryi (Bak.) Ching. Stilwdl Rd.—Young 67. First record for Burma. 

C. laiiloba Ching. Sin Lum Kaba—349. First record for Burma. 

C. ftexiloha (Christ) Ching var. undulato-repanda (C. Chr.) Ching. Sin Lum Kaba—407. First 
record from Burma. 

C. eUtpUca (Thbg.) Ching. Tenasserim-”-Parish; Stilwell Rd.—Young 69. 

C. elliptica vor. potkifolia (Don) Ching. Ashe-myin Anauk-myin, Kawksawk State—8710; 

Sampu, Namkhok State—8295, 8324; Ix)imwe, Kengtung State—9144; Namkham 319. 

55. Leptochiius Kaulf. 

(Ching 1933c) 

L decurrens Bl. Kengtung State—Rock 2137; Goteik Gorge—214; Thandaung—6790, 

L. lanceolaius F^e. Burma—^Beddome. 

L. axillaris (Cav.) Kaulf. Tenasserim—Parish; Pegu—Clarke. 

56. AtHuomcris J. Smith 
(Ching l93Sd) 

A. lenuicauda (Hk.) Ching. Tibetan-Burmese border—Ching. 

A. wallickiana (Sprang) Ching. Moulmein—Clarke; Sin Lum Kaba—Loije Rd. 42nd mile—360. 
A. wardii (Cl.) Ching. Maikha-Salween—Forrest 25974. 

A. lehmanni (Mett.) Ching. Dauna Taung—PaiMi; Upper Burma—Forrest 24922; Kalaw— 
9591; Taunggyi—180, 8104, 8787, 8898, 8699. 

A. lehtnannt var. mairei (Brause) Ching. Tiddim, Chin Hills—627, First record for Burma. 

A. lehmanni var. auriculata Ching. Upper Burma—Forrest 24922. 

A. himtdayense (Hk.) Ching, Dauna Taung—Parish, 

57. Fmidodcsnuitia C, Chr, 

P, coronans (Wall.) C, Chr, S. E. of Mottlxnein—Pariah; Toungoo—Parish; Tenasserim—Bedd- 
ome; Yanka, Kengtung State—9222; Manheum, Manglun State—9678; Mong Yang, 
Kengtung State; Stilwell Rd.—Young; between Muang Len and Muang Hpyak—-Rock 
2033, 

58. IlfjmriaBorr 

D. propinqua (Wall.) J. Sm, Kalaw—6A; Maymyo—420; Taunggyi—478; Pangwai, Kengtung 

State—7882, 9207; Mt. Popa-568; Kalemyo—7280; Stilwell Rd.—Young. 

D. quetdfelia (L.) J. Sm, Mouhn^tt—578; Rangoon (very eommon)—183. 168, 190; Wakerna— 
7822; Bhamo—414; Kalewa—7190. 
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50. Pyrrhoflia Mirbd 
(Chir^g 1035a) 

«Cyclophonis Desv. 

C. moUis (Kze.) PrcsI. Shan Hills—Collett; Thandaung—6745; Kalaw—625; Taunggyi— 
7845, 8113, 8657; Hopong~B262; Sin Lum Kaba--.343; Maka, Chin Hills—7420. 

C. flocetdosus (Don) C. Chr. Between Sadon and Yunnan border—Rock 7462; Mogok—170; 

Mt. Po^—403, 508; Kalaw—L. P. Khanna. 

C penan^nus (Hk.) Ching. Tenasserim—Parish. 

C. sHfimosus (Sw.) Desv. Tenassrim—Beddome; Tavoy—Parish. 

C. beddomeanus (Gies.) C. Chr. Wetwun, near Myamyo—62; Htam Sang Gaves, Hopong State— 
8100, 8261. First records for Burma. 

C, subfurfuraceus (Hk.) C. Chr. Stilwell Rd.—^Young, First record for Burma. 

C. pannosus (Mett.) C. Chr. TenasseHm—Parish. 

C. nndits (Gies.) C. Chr. Between Bhamo and Tengyueh—Rock 7825. 

C. heieracHs (Mett.) C. Chr. Between Sadon and Yunnan border—Rock 7401; Sin Lum Kaba— 
320, 356, 373, 307; Thandaung--65, 6713, 6781. 

C. lanceolaius (L.) Alston. Mergut—Parish; Rangoon—164; Mt. Popa—557; Maymyo—417; 
Namkham—208; Stilwell Rd.—Young 18. 

C. spissus (Bory) Desv. Tavoy—7080; Rangoon—6560, 8033, 8050; Syriam—464; Moul- 
meingyun—6021; Maubin Distt.—8056. 

C. confluens (R. Br.) C. Chr. Tenasserim—Parish; Kyain, Amherst Distt.—6872. 

C. nummulariatfolius (Sw.) C. Chr. Tavoy—Parish; Taung Thonta, Tavoy—8016; Namkhok ^ 
State—fairly common. 

C. anguskUus (Sw.) Desv. Madremacan, Mergut—Parish. 

60. Dfyiaoiloeattm Presl 

D, piloseUMes (L.) Presl. Tavoy and Mergui—Parish; Ryaukme Taung, Tavoy—8008; Ran¬ 

goon—106, 6600. 


LOXOGRAMMACEAE phing 
(Ching 1040b) 

61. Losmfranime Presl 

L, lanceoUUa (Bl.) Presl. Stilwell Rd.—Young. First record for Burma. 

L. chinensis Ching. N’Bapa, Burma-Yunnan border—200. First record for Burma. 

I/, involuta (Don) Presl. Namkham—240; Mogok—^264; Sin Lum Kaba—336. 

L. avenia (Bl.) Presl, Mongnai, S S S.—7864. First record for Burma. 

ANTROPHYACEAE Ching 
(Ching 1940b) 

62. Antrophyum Kaulf. 

A. ccfiaceum (Don) Wall. Mergui—Clarke; Mogok—140. 

A. obevatum Baker* Between Sadon and Yunnan border—Rock 7601. 

A. parvtUum Blume. Sin Lum Kaba—300. First record for Burma. 

A, rechUatum (Forst.) Klf. Tenasserim Distt.—Parish; Stillwell Rd.—Young. 

VITTARIACEAE Presl emend. 

(Ching 1040b) 

63. Vittaria Smith 
(Ching i03le) 

K. donijota Sw. Moulmeia—Parish 83, 518; Modhlicingyun—6012. 

K merHUii Christ. Stilwell Rd.—Young. First record for Burma, 

V. sikkimmse Kuhn. Kalama Taung—Parish; Moulmein—Clarke; Tenasserim—Beddome; 

Pai^ Yang, Manglun State—9762; between Sadon and Yunnan border—Rock 7410. 

K earieina Christ. Mergui—^Wight; between Sadon and Yunnan border—Rock 7395. 
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K. Hnearifoiia Ching* Upper Burma—G, Forrest 29550. 

V. fl€xu&sa F^e. Thandaung—^740. First record for Burma. 

K, scolopendrina (Bory) Thwait. Rangoon, Cabin Island in Victoria Lake. First record for 
Bxuma. 

V, amboineKsis F4e. Martaban—Beddome; Kalama Taung^Parish. 

F. himalayeHsis Ching. Sin Luxn Kaba—355. First record for Burma. 

V. doniana Hieron. Between Sadon and Yunnan border—Rock 7428; Haka, Chin Hills—7358, 
7557. 7580, 7696. 

r. doniana var. angusta Hieron. Between Sadon and Yunnan border—^Rock 7308. 

ELAPHOGLOSSACEAE Ching 
(Ching 1940b) 

64. Blaphegtearom Schott 

£, petiolatum (Sw.) Urban. N’Bapa, Burma-Yunnan border—393. First record for Burma. 


HYMEJ^OPHYLLACEAE 
(Copeland 1983, 1937, 1938) 

65. Ceplialonuum Presl 

C.javanica (Bl.) van den Bosch. Madremacan, Mergui—Parish; Zinyaik, Martahtm—Maymyo 
Herb. 13429; Kyain, Amherst Distt.—6868. 

66. Crepidomanes Presl 

C. bipunctaium (Poiret) Copel. Moulmein—Parish. 

C. latoolotum (v. d. B.) Copel. Haka, Chin Hills—7569. First record for Burma. 

C. laiemarginaU (Eaton) Copel. Moulwein—Parish. 

C. plicatum (v. d. B.) Copel. Burma—Beddome. 

67. HymeBOphyUtuii Smith 

H, harbahim (v. d. B.) Baker. Between Sadon and Yunnan border—Rock 7442; Stilwell Rd.— 
Young. 

68. Mecodhun Presl 

M. auslrale (Willd.) Copel. Tenasscrim—Parish; between Sadon and Yunnan border—Rock 
7445. 

Af. exsertum (Wall.) Copel. Tenassertm—Parish; Thandaung—11, 6761. 

M. polyanthus (Sw.) Copel. Tenasserim—Parish; between Sadon and Yunnan border—Rock 
7396. 

69. Meiiiicittin Presl 

M, denticulaium (Sw.) Copel. Moulmein Mts.—Parish; Stilwell Rd.—Young. 

70. Mliffngonliitw Presl 

henstaidnum (Parish) Copel* Hensai Basin—Parish; Moulmdn and Pegu—Parish. 
ntoUeyi (v. d. B.) Copel. Tenasserim—Beddome. 

parvifolium (Bak.) Copel. Taungkya Tsakan, between Kaukareek and Myawadi—Parish. 

71. Vandeaboi^k Copeland 
V. auricuU^ (Bl) Copei. Mergui—Maymyo Herb. 13482, Stdwell Rd.—Young 73, 88; Nam 
Tamai Valley, Burma-Tibet frontier—Ward 9151, 

V. g;iiantm (Bory) EMckaaon. Stilwdl Rd., Burma border—Young. First record for Burma, 

V, pyxidifera (L.) Copel. Tenasserim—Parish. 

Y. fodkans (Sw.) Copel. Mooleyit, Tavoy—Beddome; Sin Lum Kaba-Loiji Rd„ 35th 
Mil€^-284. 


DICKSQNIACEAE 
72. dbotittm Katjdfuss 

C. hatomtiz (L.) J. Sm. Near Mt. Nwalabo, Tavoy-r-Parish; Madremacan, Mergui—Parish; 
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Namkham—37; Mogok—150; Loije ford; Kengtung—9153; Pangyang, Manglun State— 
9793; Mongyai, N. S. S.—9628. One of the commonest ferns in Nanglum and Kentung 
SUtes. 

DENNSTAEDTIACEAE Ching 
(Ching 1940b) 

73. DemwtaadtU Berahardi 

D. scabra Wall. Namkham—251; Sin Lum Kaba—-300, 892. 

74, MkroleRta Presl 

M. hook 0 riana (Wall.) Presl. Stilwell Rd.—Young 201. First record for Burma. 

if. irap^aiforims (Roxb.) Kuhn. Kengtung State—Rock 2230; Thandaung—49; Stilwell Rd.— 
Young 150. 

M. irichocarpa Ching ined. Sin Lum Kaba—337; Pangwai, Kengtung State—9416. First 
records for Burma. 

M.firfna Mctt. Mogok—124, 130; Sin Lum Kaba—282; Haka, Chin Hills—7422. First records 
for Burma. 

M. hdrta (Kaulf.) Presl. Kengtung State—Rock 2088; Mogok-126, 127, 127A, 132; Sin Lum 
Kaba—346; Mt. Nwalabo, Tavoy—8223. 
rhomboidea Presl. Stilwell Rd.—Young 201. First record for Burma. 
pyramidata (Wall.) Lacaita. Stilwell Rd.—Young 75. 202. 203. First records for Burma. 
mari^inaia (Houtt.) C. Chr. var. calvescens (Hk.) C. Chr. Kengtung State—2180. 
plaiypkyUa (Don) J. Sm. Kengtung State—Rock 2232; Loimwe, Kengtung—609, 9113; 
Lamtok, Haka, Chin Hills—7680; Taungteik—7238. 

if. kurzii (Cl.) Bedd. Kengtung State—Rock 2083; Mogok-Momeik Rd —153, 

LINDSAYACEAE Ching 

75. Lindsaya Dryander 

L. cuUfoUi (Willd.) Sw. Madremacan, Mergui—Parish.! 

L, malabaricum (Bedd.) Bak. Oktada, Martaban Hills, Kalama Range—Rock 760; Stilwell 
Rd.“Young 204, 

L, arbictdata (Lain.) Mett. Stilwell Rd,—Young. First record for Burma. 

L. lancea (L.) Bedd. Rangoon (cultivated)—456. 

76. SchlsotomA Guadichaud 

5. ensifoHa (Sw.) J. Sm. Moulmein—Parish; 575; Ka4ein-aun, Tavoy Distt.—8020; Kyaukme 
Taung, Tavoy Distt,—8007. 

77. Stenotonui 

S. cksiraniiin (L.) Ching. Kengtung State—Rock 2078; Loimwe, Kengtung State—9106; Pang- 
yang, Manglun State—8074; Namkham—38, 221, 225, 263; Sin Lum Kaba—278, 279, 
286; Thandaung—6721; Stilwell Rd.—^Young 206. 

V 

DAVALLIACEAE Gaudkhaud 
(Ching t940b) 

78. DavaUodea Copeland 

D, nm^umuhsum (Wall.) Copel. Loimwe, Kengtung State—521. First record for Burma. 

79. Acn^om Presl 

4* sHpiUaius (Wail.) Moore. Between Sadon and Yunnan border—Rock 7392; Haka, Chin 
Hilte-7600. 

80. Leiacoetegia Presl 

Z. (Wall) Presl. ’tenasscrim Distt.—Parish; Thandaung—57; Mt. Popa—564; 

Taunggyi— 8^; Lo&mwe, Kengtung— 518,. 
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L» faberiana (C. Chr.) Ching. Between Sadon and Yunnan border—kock 7418. 

X. hymenppkyUa (Parish) Bedd. Moulmein—Parish. 

L, pukhra (Don) J. Sm. Moulmein—Parish; Mt. Popa—53R, 540. 

X. dareiformis (Hk.) Bedd. Dauna Taung—Parish; Moulmein—Clarke. 

81. Humeta Cavanilles 

H. assatnica (Bedd.) C, Chr. Stilwell Rd.—^Young 207. First record for Burma. 

H. tdpina (Bl.) Moore. Mergui and southwards—Parish; road between Amherst and Tavoy— 
San Tun Yin. 

H. griffithiana (Hk.) C. Chr. Loije ford. Bunna-yunnan border^—409; Loimwe, Kengtung 
State—9165; Stilwril Rd.—Young 66. First records for Burma. 

82. DaTalUa Smith 

D. pc^naUi (Sm.) Desv. Mergui southwards—Parish. 

/?. hullaia Wall. Mergui—Parish; Mogok—142; Loitnwe. Kengtung—522. 

D, lorrainei Hance. Kalaw (Pipe line)—26. First record for Burma. 

D, denticiUaUi (Burm.) Mett. Mergui—Parish; Tavoy—8061; Rangoon. Bird Island—192; 

Syriam—461; 46IA; Maubin Distt.—8057. 

D. soUda (Forst.) Sw. Merwui—Parish. 

D, soHda var. fijiensis Diels. Rangoon (cultivated)—460. 

D. speciosa Mett. Moulmein—Ind. Fil. 

83. Hephrolejiis Schott 

JV, acuiifolia (Desv.) Christ. Tavoy—Parish. 

N, biserrata (Sw.) Schott, Rangoon (cultivated)—158. 

N. cordifolia (L.) Presl. Moulmein—Parish; Kyaukme Taung, Tavoy—8027; Toungoo—644; 
Mt. Popa—^604, 643; Syriam—463; Nattaung, Karenni—9487; Taunggyi—8122A; 
Pangwai, Kengtung—7879, 9127; Stilwell Rd.—Young; Nam Tamai, Upper Burma— 
Ward 9179. 

JV. duffii Moore. Rangoon (cultivated)—156. 

N^faicata (Cav.) C. Chr. Martaban—Parish; Kyaukme Taung, Tavoy—8237. 

DIDYMOCHLAENACEAE Ching 
(Ching 1940b) 

84. DidymocMaetia Desvaux 

/?. truncatula (Sw.) J. Sm. Ta-ok, in damp hollows—Parish. 

PLAGIOGYRIACEAE Bower 

85. Placiogyiift (Kunze) Mettenius 
P. adnata (Blume) Bedd. Nattoung—Beddome, 

MONACHOSORACEAE Ching 
(Ching 1940b) 

86. Mootchoiottun Kunze 

M. suhdifiitatum (Bl.) Kuhn. Between Sadon and Yunnan border—Rock 7404. 

HYPOLEPIDACEAE Ching 

(Ching 1940b) 

87. Bemhardi 

punctata (Thbg.) Mett. Kengtung State—Rock 2337; Lotmwe—9114; Namkham—261. 
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SINOPTERIDACEAE Koidzuma 
(Ching 1940b) 

Tribe 1. Cryptogrammeae 
88. Cryptogramma R. Brown 

C. brunoniana Wall. Adung Valle)^ 12,000 ft., Upper Burma—Ward 9919. First record for 
Burma, 

Tribe 2. Cheilanthkae 

89. Cheilanthea Swartz 

C. fragtlis Hit. Moulmein (on limestone rocks)—Parish. 

C. mysurensis Wall, Thanduung—6727; Manipur River below Falam—7562. First ret:ords 
from Burma. 

C belangtri (Bory) C. Chr. Moulmein—Parish; —568; Tavoy—7979; Rangoon—166, 469, 586; 
Twante—8046. 

C tenuifolui (Burm.) Sw. Titvoy—7987; Moulmein—569; Rangoon—586A; White Crow Lake, 
below Taunggyi—8183. First records from Burma. 

C. argentia (Gmel.) Kunze. Mergui—Clarke; Zwokabin—Parish. 

C. fannosa (Forsk.) Klf. sens lat. Zwakabin and Beloogewn (sea level)—Parish; Tavoy, 2500 
ft --8028; Mt. Popa—564, 666, 6603; Taunggyi—36, 621; Wetwun—634, Sin Lum Kaba— 
265; Taingteik, Chin Hills—7553, 7554; Falam—7567. 

C fannosa var. chrysophyUa Hk. Mergui—Clarke; Zwakabin—Parish. 

C fannosa forma dalhousiae. Mt Popa—6608A; Mogok—119, Maymyo Herb.—581 
C fannosa var. nov Gotcik Gorge—215. First rei'ord for Burma. 

C. farinosa var. nov. Thandaung—56. First record for Burma, 

C. rufa Don, Mergui—Clarke; Zwakabin—Parish; Mt. Popa—6<Ul; Taunggyi—36, 183. 

C sp. nov, (near suhrufa Bak.). Manipur River below Falam, Chin Hills—7551. First record 
for Burma. 

C duchuxti (Christ) Ching. Kalaw—22; Taunggyc -182. First records for Burma. 

90. Doryopteris J. Sm. 

D. ludens (Wall.) J. Sm. Moulmein--Parish; MaymycK—105, Gotcik Gorge— 201, Mt. Popa— 

476, 6651; Wcbula, Chin Hills—7762. 

Tribe 3, Onychieae 

91. Onychitnn Kaulfu&s 
O, japonicum (Thbg.) Kunze. Ava—Hope. 

0. iucidum (Don) Spreng. Loimwe, Kengtung—9149; Sin Lum Kaba—276, 327, 378; Falam, 
Chin Hills—7240; Hiika—7707. First records for Burma. 

O. siliculosum (Desv.) C. Chr. Amherst—Clarke; Kyain, Amherst Distt.—6863; Toungoo— 

Maymyo Herb.; Pyintnami—7113; Mogok—Momeik Rd.—118; Myitkyina; Kengtung 
State—Rock 2073. 

PTERIDACEAE Ching 
(Ching 1940b) 

Tribe 1. Lonchitidear 

92. Pteridlvm Gleditsch 

■f, 

P. aquilinum (L,) Kuhn. Mooleyit, foot of Mt. Nwalabo—Parish; Tenasserim—Hope; Mt. 

Victoria, Chin Hills—8696; Haka—7670; Mogok—134, 136; Kutkai—218; N’Bapa— 
262; Molahein Mt., Lawksawk State—8735; Loimwe, Kengtung—9147. 

P. aquilinum var. esculenlum Forst, Moulmein southward—Clarke; Maymyo—33; Taunggyi— 
472; 9006; Nomkham—285; Mogok—134.* 

93. HistiopteriB J. Smith 

H, incisa (Thbg.) J. Sm. Kengtung Rd. at Salween Rivtr—9281. First record for Burma, 
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Tribe 2. Pteribbae 
94. Pteris Linn. 

P. vitiata L. Common everywhere—Parish; Kyain. Amherst Distt.—6899; Pyinmana—7112; 
Kalaw—21; Taunggyi—35, 1R4, 9012, 92^; Takaw, Kengtung State—9292; Maytnyo— 
424; Mogok—109; Momeik State—147; Kalcmyo—7909; Tiddim, Chin Hills—635. 

P. creiica L. Amherst Distt.—Parish; Kalaw—6; Taunggyi—477; Loimwe, Kengtung—537; 
9242; Maymyo-“32; Sin Lum Kaba—372; Haka, Chin Hills—7546. 

P. creiica var., or sp. nov. Sin Lum Kaba—353, First record for Burma. 

P. heteromorpha F4e. Burma—Pariah. 

P. dactylina Hk. Tang-tung, Upper Burraa-Vemay-Cutting Exped. 325 (Ward). 

P. ensifarmis Burm. Kengtung State—Rock 2031; Rangoon (cultivated)—556; Stilwell Rd.— 
Young. 

F' jpftjOiMw Hk. Tamu, Upper Burma-Vcmay-Cutting Exped. 10 (Ward). 

P, pdlucida Presl. Kengtung State—Rock 2246; Kyauktalon, Moulmein Distt.—6833; S til well 
Rd,—Young 42. 

P, nervosa Wall. Artiherst—Parish; Rangoon—636; Syriam—462; Pyinmana—7119; Mt. Popa— 
550, 551, 562; Sin Lum Kaba—348; Mogok-Momeik Rd.—111. 

P, esquifoUi Christ, Kengtung State—Rock 2188. 

F. semipinnata L. Mergui, on the Tenasscrim River—Parish; Stilwell Rd.—Young, 

P. decrescens Christ. Goteik Gorge—206. First record for Burma. 

P. greviUeana Wall. Stilwell Rd.—Young 59. First record for Burma. 

P. khasyana (Cl.) Ching. Haka, Chin Hills—7311. First record for Burma. 

P.faurieiHicTon. Pyinmana—7115; Taunggyi—473, 476; Namkham—N’Bapa- 244; Mogok— 
114. First records for Burma. 

P. fauriei var. rigida Hieron. Mogok—113; Kalemyo-Webula—7210; Haka—7571, First 
records for Burma. 

P. argyraea Moore. Tenasserim Distt.—Parish; Kyaukme Taung, Tavoy—8236; Sin Lum 
Kaba—268; Mogok—101. 

P. aspericaulis Wall. Zwakabin, Moulmein—7016; Bantai, Kengtung—9261; Stilwell Rd.— 
Young; Adung Valley, Upper Burma—Cutting Sikkim Exped. 9248 (Ward). First 
records for Burma. 

P. excelsa Gaud. Burma—Parish. 

P. longipinnuta Wall* Burma—Ind. Fil. 

P. longipinnula var. hirtukt C. Chr. Valley of the Mch Len, Kengtung—Rock 2133 (type). 

P. biaurita L. Moulmein and elsewhere in Tenasserim Distt.—Parish; Nwalabo, Tavoy—8211, 
8019; Taungwine, Moulmein—6846; Kyauktalon, Moulmein—6838; Pyinmana—7124; 
Thandaung—61; Namkham—24, 227; N*Bapa—271; Mogok—637; Loimwe, Keng¬ 
tung—524, 629. 

P. Unearis Poir. Kalaw—24A; Loimwe, Kengtung—9108. First records for Burma. 

P. longipes Don. Tenasscrim Distt,—Parirfi; Pegu—Clarke; Kengtung State—Rock 2179; Sin 
Lum Kaba-328: Mogok—121; Haka. Chin Hills—7272. 

P. walHcktana Ag. Sin Lum Kaba—33L First record for Burma. 

P. wallichtana var. austro-siniea Ching. Loan we, Kengtung—9112. First record for Burma. 


ADIANTACEAE Fm\ 

(Ching liMOb) 

95. A^antom Linn. 

A pariskii Hk. On top of limestone rock called Zwakabin, Moulmein— Parish; —7041, 

A, phUippense L. Everywhere on the plains—Parish; Kyaukme Taung, Tavoy—8026, 7992; 
Moulmein—574; Rangoon—10, 160, 470; Thandaung—48; Mt. Popa—549; Tamiggyi— 
476. 

A, soholiferufn Wall. Anisakan Gorge, Maymyo—429. FW record for Burmai 
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A. edieworthii Hk. Fort Stedman, Inle Lake« S. S. S.—Hope; Taungyyi—474; KalaW”"25: 
X/nxnwe. Kengtung—510; N’Bapa'-“309; Sin Lum Kaba—306; Taungteik, Chin Hills— 
7246. 7666A. 

A, caudaium L. Kungtung State—Rock 2329; Kengtung—9191; Taunggyi—^9014, 9387; Mt, 
Popa—652. 563, 6607; Wetwun—63; Goteik Gorge—203; Mogok—146; Taungteik, Chin 
Hills—7241, 7246, 7665. 

A, capillus^veneris L, Anisakan Gorge—416; Goteik Gorge—213; Kutkai—216; Kalemyo- 
Webula—7760; Yetagone, Chin Hills—7335; Taungteik, Chin Hills—7241; Ruavan, 
Haka, Chin HiUs—7666, 

A, cuneatum Langsd. & Pisch. Namkham (cultivated)—220. 

A. flabellulatum L. Mong Yang, Kengtung State—9795; Namhka River, Manglun State—0794. 

First records for Burma. 

A. trapesiforme L. Rangoon (cultivated)—167. 


GYMNOGRAMMACEAE Ching 
(Ching 1940b) 

Tribe 1. Gymnogrammeae 

96. TaenitiB Willd. 

T. blschnoides (Willd) Sw. Amherst—Parish; Moulmein—Parish; Tenasserim—Beddome. 

Tribe 2. Gymnopterideae 

97. Ccmgiogramme Pde 

C, fraxtnea (Don) Diels. Tenasserim—Parish; Chin Hills—Dickason. 

C. peielotii Tardieu-Blot. Taunggyi—9382; Sin Lum Kaba—344. First rec ords from Burma. 

98. Pityrogranuni Link 

P. cahmelanos (L.) Link. Tavoy—7976; Kyain, Amherst Oistt.—6873; Rangoon—189, 585. 
First records for Burma. 

99. Hemionitis Linn. 

//. anf&lia (Burm.) Moore. Tenasserim Distt.—Parish; pangoon—159, 6672; Inbcin—8157. 

ACROSTICHACEAE Presl emend. 

(Ching 1940b) 

100. Acmticlnijn Linn. 

A. aureum L. Amherst—Parish; Rangoon (cultivated)—37, 

CERATOPTERIDACEAE C. Chr. 

(Ching 1940b) 

101. Ceratopteris Brongniart 

C. Ihahctfoides (L.) Brongn. Moul met n—Parish; Kyaikto—6828; Rangoon—126, Mya- 
ungmya—6930. 

MARSILEACEAE 

102. Marailea Linn. 

Jtf. bfitchyeurpa A. Br, Pegu—Ind. Fil,; Pjdnmana—542. 

SALVINIACEAE 

103. SalviniR (Micheli) Guettard 
(S. cuculkUa Roxb. Bhamo-^^OSl. First rec'ord for Burma. 

104. AsoUa Lamafck 

A , pinnata R. Br. Rangoon-^Dickason. First record for Burma. 
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Page 

Abacoptetii C. Chr.123 

mulHlinsata <Wall.) Ching 
penangiana (Hk.) Ching 
pres^na Ching 
rubra Ching 

rubra var. htrsuta Ching 

iriphyUa (Sw.) Ching 

triphyUa var. parishii (Bedd.) Ching 

Acrofdionu Blume.., 131 

sUpeUatus (Wall.) Moore 

Acro^chum L.... 135 

L. 

Adiantitm L. .. 134-135 

capiUuS’Veneris L 
caudatum L. 

cuneaiutn Langsd. & Fisch. 
edgewortkii Hk. 
flabellulatum L. 
parishii Hk. 
philipptnse L. 
soholiferum Wall 
irapmforme L. 

Angioirteris Hoffmann 118 

caudaUformis Hieron. 
crassipes Wall. 
gnffitkiana De Vriese 
heljeriana De Vriese 

Andmphyuin Kaulfnss. . 120 

coriaceum (Don) Wall. 
obovatum Bak. 
parvulum Bl. 
reticulatum (Forst.) Klf. 

ArthromeiiB (Moore) J. Sm. 128 

kimalayense (Kk.) Ching 
lehmanni (Mett.) Ching 
lekmanni var. auriculata Ching 
Uhmanni var. mairei (Brause) Ching 
tenuicauda (Hk.) Ching 
waUtchiana (Spreng) Ching 
wardii (Cl.) Ching 

Aiplenlum Linn.124-126 

achiUeifolium (Lam.) C. Chr. 
adianioides (L.) C. Chr. 
affine Sw. 
amboinense Willd. 
bulkUum Wall. 
cheilosorum Kunze 
crinicatde Hance 
cuneatum Lam. 
ensiforme Wsdl 
exiguunt Bedd. 
griffiUlmnum Hk. 


Page 

laciniatum Don 

longissimum Bl. 

macrophyllum Sw, 

nitidunt Sw. 

normale Don 

narmale Don var. minus 

pellucidum Lam. 

planicaule Wall. 

praemorsum Sw. 

rockii C. Chr. 

tenerum Forst. 

tenuifolium Don 

unilaterak Lam. 

undaUrale var. ddicatulum Par. 

unUatercUe var. rahaoense (Yabe) Hay. 

unUaterale var. udum Atk. 

urophyUum Wall. 

xvighiianutn Wall. 

Athyiium Roth. 123 

acrostichoides (Sw.) Diels 
alktnsoni Bedd. 
austraU (R. Br.) Pr. 
horyanum Tagawa 
breuisorum (Wall.) Moore 
dissihfolium (Bak.) C. Chr. 
disstUfolium f. subbipinnata 
drepenopterum (Kze.) R. Br. 
drepenopterum var. funebre Christ 
falcatum Bedd. 
macrocarpum (Bl.) Bedd. 
nigripes (Bl.) Moore 
mponicum (Mett.) Hance 
procerum (Wall.) Milde. 
setiferum C. Chr, 
spectabik (Wall.) Pr. 
strigiUosum Moore. 


Azolln Lamarck. 135 

pinnata R* Br. 

Blechniim L.125 

otietUale L. 

Bolbitis Schott.121 


contaminans (Wall.) Ching 
deUigera (Wall.) C. Chr. 
scalpiurcUa (P4e) Ching 
hgterocUta (Preal) Ching 
unduiata (Wall.) Ching 


Botryx^iium Swartz.118 

lanuginasum Wall. 
lunaria (L.) Sw. 

J. Smith.126 


insights (Hk.) J, Sm. 
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Cephalomanes Presl . , , 

Page 
. 130 

decipuns (Scott) Cl. & Bak. 

Page 

javanicum (Bl.) v. d. Bosch 
Ceratopteris Brongniart. 

. . 135 

giganiea (Wall.) var. or sp. nov. 
glabra (Bl.) Copel. 


thalictroides (L.) Brongn. 
Ceterach Garsault. 

.125 

khasyana (Moore) Copel. 
laUbrosa (Wall.) Copel. 


paucivenosa Ching 

Cheilanthes Swartz .. .... 

133 

oldhami (Bedd.) Copel. 
sptnulosa Wall. 


argeniea (Gmel.) Kze 
belangeri (Bory) C. Chr. 


umbrosa HoJttum 

CyclopeltiB J. Sm.... ... 

120 

ducloiixii (Christ) Ching 
farino^a (Forsk.) Klf. 


presliana (J. Sm.) Berkeley 
CycloBOTua Link. ... 

122-123 

jarinoia var. chrysophylla Hk. 
farinosa var. dalhousiae 
farinosa var. c 
farinosa var. d 
fragilis Hk. 
fragrans (Forsk.) Klf. 
mysurensis Wall. 
rufa Don 

Uftutfolia (Bunn.) Sw. 
sp* n:>v. 

Cibotium Kaulfuss . 

i;io-i3i 

brumankus Ching 
crintpes (Hk.) Ching 
exknsus (Bl.) Ching 
gongylodes (Sohkuhr.) Link 
hirtisorus (C. Chr.) Ching 
inlerrupius (Willd.) Ching 
meeboldii (Rosenst.) Ching 
moUiuscutus (Wall.) Ching 
mulHjugus (Bak.) G. F. D. 
parastttcus (L.) Farwell 
subelatus (Bak.) Ching 


baromeiz (L.) J. Sm. 

Colyais Presl. 

12S 

subpubesctns (Bl.) Ching 
truncatus (Poir.) Farwell 


elltpitca (Thbg.) Ching 


Cyrtomium Presl ... 

120 

eUipiica var. poikifolia (Don) Ching 

hookeriannm (Pr.) C. Chr. 


flextloba (Christ) Ching var. 

undulato- 

CyBtopteiia Bernhardi_ 

124 

repandulum (C. Chr,) Ching 
hemtoniUdea (Wall.) Pressl 
henryt (Bak.) Ching 


tenuisecta (Bl.) Mett. 

DavikUia Smith.. 

. 132 

latiloba Ching 

Congiogramine F^e. 

135 

hniiata Wall. 

dentkulata (Burm.) Mett. 


fraxinm (Don) Diels 
petdotii Tardicu-Blot 

Crapidomanea Presl. 

130 

lorrainei Hance 
pectinata (Sm.) Desv. 
solida (Forst.) Sw 


bipunctatum (Poir.) Copel. 
lAkalatum (v. d. B.) Ckspc. 
laiemarginale (Eaton) Copel. 


soUda var. fijiensis 
speciosa Mett. 

Dayallodei Copeland. 

. 131 

plicatum (v. d. B.) Copel. 

Ciyptogranuna R. Br. 

., 133 

membrantUosum (Wall.) Copel. 
Dennataedtia Bernhardi. . 

. 131 

hrunoniana Wall. 

CtenitiB C. Chr... •. 

.. 120 

scabra (Wall.) Moore 

Diacalpe Blume. 

.119 

clarkei (Bak.) Ching. 
rhadolepis (Cl.) Ching 


aspidioides Bl. 

DIcranoptBiifl Bernhardi. 

119 

Ctanitopi^. 

.121 

linearis (Burm.) Underw. 


fmeipes (Wall.) Ching, 
sagenioides (Mett.) Ching 


splendida (Hand. & Mazz.) Ching 
IHdymo^hUena Desvaux. 

.. . 132 

selulosa (Bak.) Ching 
CtenopteiiB Bl. 

.126 

truncalidia (Sw.) J. Sm. 
DlplaziopalB C. Chr... 

. . 124 

khasyanum (Hk.) F. G. D. 
subfakahtm (Bl.) P. G. D. 


javanica (Bl.) C. Chr. 

DiplaZinm Swartz .. .... 

124 

Cyadm Smith. 

. . .119 

bantamense Bl. 


hrttnoniam (Wall.) Cl. & Bak. 
conkiminans (Wall.) Copel. 


dilakUum f. diversifolium Wall. 
dilaialum f. laHfolium D. Don 









138 


FREDERICK GARRETT PICKASON 


Vol. XLVI 


Page 

fscuUntum (Ritz.) Sw- 
japonicum (Thbg.) Bedd. 
lancfum (Thbg.) Presl 
iepiophytlum (Bak.) Christ 
iohbianum (Hk.) Moore 
megaph^lum (Bak.) Christ 
opacum (Don) Christ 
pallidum (Bl.) Moore 
petersem Kze. 
polypodiaidts Bl. 
stam^n&e C Chr. f. acuminata 
stikkimense (Cl.) C. Chr. 
siivaticum (Bory) Sw. 
iomentosum Bl 
mridissimum Qhrist 


Doryopteria J. Smith. 

.133 

ludens (Wall.) J, Sm. 


DrymogtoBaum Presl. 

129 

piloselloides (L.) Presl 


Drynaria Bory. 

.128 


propingua (Wall.) J. Sm. 
guercifolia (L.) J. Sm. 

Dryopteris Adanson, sensu propria. .. 119-120 
lirjgustifrons (Moore) O. Ktze. 
atrata (Wall.) Ching 
chrysocoma (Christ) C. Chr. 
cochUata (Don) C. Chr. 
hendersoni (Bedd.) C. Chr, 
labordit (Christ) C. Chr. 
marginata (Wall.) Christ 
odontoloma (Moore) C. Chr. 
paUacta (Sw.) C. Chr. 
scottii (Bedd.) Ching 
(Ham.) Ktze. 
stenoUpis (Bak.) C. Chr. 

Egenolfla Schott. 121 

appendiculaia (Willd.) J. Sm. 
hiptnnalifida J. Sm. 
kelferiana (Kze) C. Chr. 
ittlfertana var. incisa Ching 


nodiflora F6e 
sinensis (Bak.) Maxon 
vivipitra (Ham.) C. Chr. 

Blaphoglowuin Schott .ISO 

petiolatum (Sw.) Urban 

Goaiopteris Presl .123 

prUifera (Retz) Presl 

Helmifithoitacliys Kaulfuss .I IS 

seyianica (L.) Hk. 

Hemiooitig L.135 

arifolia (Burm.) Moore 


Page 

EUcriopterie Presl.119 

gluuca (Thbg.) Ching 
lamssima (Christ) Ching 

Hiartiopterii j. Sm.133 

incisa (Thbg.) J. Sm. 

Humata Cavanilles .132 

alpinia (Bl.) Moore 
assamica (Bedd.) C. Chr. 
griffiikiaHa (Hk.) C, Chr. 

HymenolepiB Kaulfuss. ,.127 

henry t Hieron. 

Hymeoc^ylhsm Smith.130 

harhatum (v. d. B.) Bak 

Hypodematium Kunze. 122 

crenaium (Forsk.) Kuhn 

Hypolepta Bemhardi. ... ... 132 

punctata (Thbg.) Mett. 

LaatreopaiB Ching. 122 

parishii (Hk.) Ching 

Lemmaphyllum Presl. 127 

suhrostralum (C. Chr.) Ching 

Lepiaoma J. Smith. .120-127 

contorlus (Christ) Ching 


excaoaius var. scolopendrinum (Ham.) Ching 

macrojtphasrus (Bak.) Ching 

macrosphaerus var, asterokpis (Bak.) Ching 

obscure-venulosus (Hay.) Ching 

oUgolepidus (Bak.) Ching 

oosphaerus (C. Chr.) Ching 

pseudonudus Ching 

sinensis (Christ) Ching 

sordidus f, rostrata- (C. Chr.) Ching 

suhconftuens Ching 

suhlinearis (Bak.) Ching 

sublinearis var. 

thunbergianus (Ktf.) Ching 

LepCodkllaa Kaulfuss.128 

axillaris (Cav.) KauK. 
decurrens Bl. 
lanceolaius 

Laocoatoi^ Presl. . 131--132 

dareiforntis (Hk.) Bedd. 
foheriana (C. Chr.) Ching 
hyfrmophyUa (Parish) Bedd. 
imnmsa (Wall.) Pr. 
pukhra (Don) J. Sm. 

Lifidaaya Dryander.131 

euUfota (Willd.) Sw. 
lancea (L.) Bedd. 
mQlah<^i€a (Bedd.) Bak. 
arbicukUa (Lam.) Mett. 

Lpanirainmd J. Smith. 122 

nuUlkemi (Ching) Holttum 
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Page 

LozofTAimiie (BL) Presl.129 

avenia (Bl.) Prest 
Ching 

involuUi (Don) Presl 
ianceolata (BL) Presl 

Lyfodium Swartz .U8 

flexuosum (L.) Sw. 
japonicum (Thl^.) Sw. 
p&lysUickyum Wall. 
salicifolium Presl 
scandens (L.) Sw. 


Martilea Linn.135 

hrachycarpa A. Br. 

Mecodiuin Presl.130 

auKlrale (Willd.) CopcL 
exsertum (Wall.) Copel. 
polyanlkos (Sw.) Copel. 

Mefingium Presl.130 

denticulatim (Sw.) Copel. 

Microchlftena Ching.120 

yunnanensis (Christ) Ching 

Microgoaium Presl.130 

henzaianum (Parish) Copel. 
motleys (v. d. B.) Copel. 
parvifolium (Bak.) F. G. D, 

Microlefiia Presl.131 

firma Mett. 
ktrta (Klf.) Presl 
kookeruina (Wall.) Presl 
kurzii (Cl.) Bedd. 


marjfinata var. calvescens (Hk.) C. Chr. 
pUityphyUa (Don) J. Sm. 
pyramidala (Wall.) Laoiiita 
rhomlfoidea Presl 
Irapesifarmts (Roxb.) Kuhn 
trichocnrpa Ching 

Microaodum (Link) Ching. . , . 127-128 

haneackii (Bak.) Ching 
kym-modes (Kze.) Ching 
mtmbranaceum (Don) Ching 
normUe (Don) Ching 
pteropus (BL) Ching 
^nctd^um (L.) Copel. 
superfidale (BL) Ching 
zippdii (Bl.) Chipg 
zcsteriform^ (Wall.) Ching 


Mooftcboaonim Kunze.132 

suhdigii^in (BL) Kuhn 

HeocMroyitaris (Christ) Ching. 126 

, ensaUt (ihbg.) Ching 
phjdhmanes (Christ) Ching 

Schott.132 

actuif^fka (Dcsv.) Christ 


l*age 

biserrala (Sw.) Schott 
cordtfolia (L.) Presl 
duffU Moore 
faicata (Ciiv.) C. Chr. 

Oleajldjra Cavanilles. ... ... 125 

cuminjjitt J. Sm. 
musifolm (BL) Presl 
nertiformis Cav. 
undulata (Willd.) Ching 
waUickii (Hk.) Presl 


Onychiiun Kaulfuss.133 

japonicum (Thbg.) Kunze 
lucidum (Don) Spr. 
dliculosum (Desv.) C. Chr. 

OphiogloMiUD Linn.118 

pedunculosum Desv. 
pendulum L. 

Osmunda Linn., . .... 118 

cinnamomea L. 
jixponxca Thbg. 
javanica BL 

PhylUtii Hill.. 124 

delavayi (Pranch) C. Chr. 

Phymatodes Presl. 127 


crenato-pinnatum CL 
griffiihuina (Hk.) Ching 
lucida (Roxb.) Ching 
oxylop'i (Wall.) Presl 
rhynckophylla (Hk.) Ching 


sp. nov. 

tris^cia (Bak.) Ching 

Pityrograouna Link. 135 

calomeknos (L.) Link 

Plagiogyria Mett. .132 

adnaUi (BL) Bedd. 

Platycerium Desv.126 

coronarium (Konig) Desv. 
waUickn Hk. 

. Polypodium Linn.126 


amoenum Wall. 
arguium Wall. 
heddomei Baker 
manmeienst Christ 
microrhizoma Clark 
niponicum Mett 
pseudoconnatum Copel. 
mhauriculatum BL 

Polyatithum Roth. 120 

' attenuaium Ching 
auriadoftum (L.) Presl 
Ifidfisiatim (BL) Moore 
biaristatum (Bl.) Moore form 
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chunii Ching 
d^Uodon (Bak.) Diels 
obliguum (Don) Moore 
pseudctsus’simense Ching 
punctiferum C. Chr. 
setijerum (Forsk.) Moore 
setiferum var, yunnanense Christ 
ihofnpsoni (Hk, f.) Bedd. 
n^olobatum Nakai ? 

Paeudodrynaiia C. Chr ... 128 

cofonans (Wall.) C. Chr. 

Pteridium Gleditsch. 133 

aquiltnum (L.) Kuhn 
aquiltnum var. etxcuUntum Forst. 

Pteridrys C. Chr. & Ching . . 120-121 

ausifidis Ching 
cnemidarta (Christ) Ching 

Pteria Linn. . . ... . 134 

argyraea Moore 
aspericaulis Wall. 
biaurita L. 
cretica L. 
creiica L. var, 
dactylina Hk. 
decrtsccns Chri.st 
ensijormis Burm, 
esquifolii Christ 
excdsa Gaud. 
faurei Hieron. 
faurei Hieron. var. rigida 
^revUleana Wall, 
griffithit Hk. 
hrteromorpha F6e 
khasyam (Cl.) Ching 
iinearU Poir. 
long^pes D. Don 
loniipinnida Wall. 
longipinnida var. hirtuia C, Chr. 
nervosa Wall.? 
pellucida Presl 
semipinnata L. 
vitiata L. 
walUchiana Ag. 

waUickiana var. austro-siniea Ching 

Pyrrhotia Mirbel. .. 129 

(•*»Cyclophorus) 
angustatus (Sw.) Desv, 
heddomeanus (Gies) C. Chr. 
confittens (R. Br.) C. Chr. 
fiocculosus (D. Eton) C. Chr. 
heieractis C. Chr. 
lanceokUus (L.) Alston 
mollis (Ksc.) ^oel 
nudus (Gies.) C. Chr. 
nummulariaefolius (Sw.) C. Chr. 


Page 

pannosus (Mett.) C, Chr. 
penangianus (Hk.) C. Chr. 
spissus (Bory) Desv, 
sligmosus (Sw.) Desv. 
subfurfuracea (Hk.) Ching 

Rumohra Ching. .120 

assamica (Kuhn) Clung 
arislata (Forst.) Chmg 
diffracla (Bak.) Ching 
kentyi (Christ) Ching 
stmuians Ching 
speciosa (Don) Ching 


Salvinia (Micheli) Adanson. 135 

cucuUata Roxb. 

Schizaea Smith. US 

malaccam Bak. 

Schizoloma Gaud 131 

ensifolia (Sw.) J. Sm 

SelUguea Bory. 127 

Bory var. caudatiformis J. Sm. 

Stenochlaena J. Sm. 121 

palustris (Bunn.) Beddome 
sorbifolia (L.) J. Sm. 

Stenoloma F6e ., 131 

ckusanum (L.) Ching 

TaeaitisWind.135 

bUcknoides (Willd.) Sw. 

TecUria Cav. .121 


chattagramica (Cl.) Ching 
coadunata (Wall.) Ching 
cumingiana (Pr.) C. Chr. 
decurrens (Pr.) Copcl. 
ebenina (C. Chr.) Ching 
helerosora (Bak.) Ching 
irregularis (Pr.) Copel. 
irregularis var. difformis Bl. 
Itwseana (Gaud.) Copel. 
inuUicaudala (Wall.) Ching 
polymorpha (Wall.) Copcl. 
rnckii C. Chr. 
subpedata (Harr.) Ching 
suhlripkyUa (Hk. 8 c Am.) Copel. 
subtfiphyUa var. 
tenerifroms (Hk.) Ching 
vafioiosa (Wall.) C. Chr. 


vasla (Bl.) Copel. 

Thomnoptedfl Presl.124 

greviUei (Wall.) Moore 
nidus L. 

phyllikdis (Eton) Presl 

Thelypteris Schmidd.122 

aurikt (Hk.) Ching 
brunnea (Wall.) Ching 





No. 3 


FERNS OF BURMA 


141 


Page 

chlamydoph&ra (Ros.) Ching 
ciliata (Wall.) Ching 
duckmxii (Christ) Ching 
erubescens (Wall.) C^ing 
faiciloba (Hk.) Ching 
ftaccida (Bl.) Ching 
gracilescens (Bl.) Ching 
ochihodes (Kse.) Ching 
oppositipinna (v. A. v. R.) Ching 
ornata (Wall.) Ching 
iuberculifera (C. Chr.) Ching 
uHginosa (Kee.) Ching 
xyiodes (Kae.) Ching 

VcndanbosdiU Copeland.130 

aurkuiala (Bl.) Copel. 
giganiea (Bory) P, O. D. 
pyxidifera (L.) C>)pel. 


Page 

radicans (Sw.) Copel. 

VittarU Smith.120-130 

P6e 

caricina Christ 

doniana Hieron. 

dmUana var. angusta Hieron. 

elongala Sw. 

flexiMsa 

himalayensis Ching 
linearifoUa Ching 
menilUi Christ 
scolopendrina (Bory) Thwait 
Hkhimtnse Kuhn 

Woodwardia Smith.125 

japonica (L.) J. E. Sm. 
unigeinmata Nakai 
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A NEW SPECIES OF APLASTUS FROM IDAHO 
(COLEOPTERA: PLASTOCERIDAE) 


JOSEF N. KNULL, 
The Ohio State University' 


Aflastiis acittus n. sp. 

Male, —Narrow, elongate; moderatdy shining, tight brown above and beneath; short, 
rerumbent pubescence on both surfaces. 

Head concave; surface coarsely, densely punctured; eyes moderately prominent; antennae 
extending beyond middle of elytra, scape short, stout, second s^ment slightly shorter than 
third, fourth segment twice as long as second and third together, fifth as long as fourth, sixth 
slightly longer than fifth, seventh, eighth, nintb and tenth same length as sixth, eleventh 
s^pnent longest, fourth s^ment to tenth inclusive somewhat serrate. 

Pronotum wider than long, widest at base; anterior margin lobed; basal margin sinuate; 
lateral margin sinuate, strongly divergent at hind angles; disk convex in middle, flattened along 
sides giving side margin a sharp carinate edge for its entire length, hind angle with fine carina 
parallel to lateral margin; surface densely punctured in middle, punctures slightly finer than on 
head, punctures finer and confluent at sides, obsolete at base. Scutellum small, oval. 

Elytra wider than pronotum, elongate; sides subparallel, broadly rounded to suture at apex; 
surface with striae prominent at base and apex only, rest of elytra indistinctly triate; interspaces 
densely minutely punctate. 

Beneath, prostemum carinate at middle with sutural carina on each side, ptostcmal process 
somewhat sulcate; surface coarsely, densely punctured. Abdomen shining, densely, finely 
punctate. All of tarsi longer than tibiae. 

Length 17.6 mm.; width 4.4 mm. 

Described from specimens collected by Otto Huellemann at Wallace, Idaho, April 14, 1940. 
The writer is indited to Dr. H. F. Strohecker for the privilege of retaining holotype and par- 
ntypes; paratypes in the Strohecker collection. 

The narrow elongate form, with long antennae and sharp lateral margins of pronotum will 
distinguish this species from closdy related forms. 


'Contribution from Department of Zoology and Entomology. 
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HIGH MUTANT GENE FREQUENCIES IN A POPULATION OF 
DROSOPHILA IMMIGRANS 


WARREN P. SPENCER, 

College of Wooster 

The biolc^ of Drosophila immigrans with particular reference to the genetic 
structure of several populations from widely separated points in the U. S. A. 
formed the subject of an earlier report (Spencer 1940), It is the purpose of this 
communication to present data on the genetic analysis of a Western Pennsylvania 
population of this species in which two mutant genes were present in high fre¬ 
quencies. The analysis also serves as a basis for a discussion of the method of 
inbreeding by Fi pair rnatit^s as a means of studying the genetic structure of 
Drosophila populations in regard to the recessive visible mutations carried in 
•heterozygous form in wild flies. 

THE POPULATION SAMPLE 

On September 9th. 1944, three open traps consisting of large tin cans containing 
over-ripe tomatoes as bait were set in an open woodland near a stream within the 
environs of New Wilmington, Pennsylvania, a village a few miles from the Ohio- 
Pennsylvania border and located in Lawrence County. On the morning of Sep¬ 
tember 11th flies from these traps were collected. The catch included many flies 
of the species, Drosophila immigrans. 

As pointed out in the earlier report this species, which is tropical or sub-tropical 
in origin, is a highly successful introduced form throughout the U. S. A. It is 
more tolerant of low temperatures than Drosophila hydei, mdanogaster and sim- 
ulans, but is probably killed off outdoors in the latitude where the collection was 
made during severe winters. The peak populations of D. immigrans are found in 
the northeastern part of the U. S. A. in the autumn, at which time small over¬ 
wintering foci have bred up to a maximum, feeding on rotting tomatoes and other 
vegetables, windfall fruit and garbage. The species may be taken in woodland 
areas at considerable distances from human habitations during the autumn but 
certainly larger populations are found in gardens and orchards than in the woods 

In the vSlage where the sample was collected D. immigrans was observed in 
g^t abundance in tomato patches and on windfall fruit. It seems likely that the 
flies taken were recent migrants from surrounding gardens and orchards. The 
abundance of the autumn population was not necessarily correlated with the size 
of the over-wintering focus from which it came, but rather with favorable condi¬ 
tions of temperature, moisture and food supply during the summer and partic- 
ulariy in late summer and early autumn. In some years and areas D. immigrans 
may be scarce even in autumn and it has been the author*s experience from many 
^collecting records that the distribution of the species from year to year and place 
to place IS much spottier than that of />. mdanogasttr. 

^ THE Ft GENERATION 

Fifty-six pair matings of flies from the collection were made up in thiee-fourths 
ounce cream tettles containing the usual commeal, molasses, agar medium heavily 
enriched with brewer’s yeast. To supply larvae with optimum conditions for 
feeding and pupating a modiflcation of the method described by Spencer (1943) 
was twed. After six days the parent flies were removed from the creamers and 
one-third of a double sheet of Ideenex paper, soaked in a suspension of baker’s 
yeast in water, was added to each creamer. Larvae burrow readily through the 
paper, find an abundant yeast supply for feeding, and an optimum place for pupa- 
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tion at the surface of the mat of paper. Z>. immigrans is a fly at least three 
times the size of D, melanogasier. With the technique tased, in 24 cultures chosen 
at random from the total there emerged 1659 c? cf* and 1632 9 9, an average of 
133 flies per creamer. Purthermore, these flies were of uniform and normal size, 
and showed no evidence of overcrowding in the larval stage. The method of cul¬ 
ture is recorded as it seems important in i^pulaticm studies to provide optimum 
cialture conditions in small containers which are easily handled and occupy a 
minimtim of space. 

Out of the 56 pair matings 55 produced offspring. The flies from 24 of these 
cultures were carefully examined imder the binocular microscope for visible abnor¬ 
malities and all of these tabulated. In 20 of the 24 cultures one or more of the 
flies showed small extra sections of wing-vein near the distal end of the second 
longitudinal vein. 73 cf c? out of 1659 examined and 89 9 9 out of 1632 showed 
this character. In 4 of the cultures the character did not appear in the Fi. In 6 
to 8 Fi pair matihgs made up from each of these 4 cultures tl^ character failed to 
appear in the Fj ffies from two 6f these cultures but did show in a few Fj flies from 
the other two. This character has been found repeatedly in other populations of 
D, immigrans, and several more extreme net-venation mutants have been recov- 

TABLE I 

Dorso-central Bristle Counts on Offspring of 24 Pair Matings ok Wild 
Drosophila immigrans FROM New Wilmington, Pa. 

Total males, 1,669; total females, 1,682. An equal or {greater asymmetry in extra bristles 
would occur by chance less than once in 100 times. 


Extra Dorsocentrals 



Left 

Right 

Both 

Total Left 

Total Right 

Males 

81 

66 

36 


92 

Females 

186 

138 

111 


249 

Total 

266 

194 

147 

413 

341 


ered. It seems evident that extra-venation is a species-specific variant in D. 
immigrans. Wild flies of the species frequently show slight extra-venation and even 
more of them cany genetic factors capable of forming net-veins when made 
homozygous or acted on by modifiers. 

An even more common variant among Fi flies was the presence of extra dorso- 
central bristles. 23 of the 24 Fi cultures showed this character, but in very dif¬ 
ferent proportions. Table I gives a summary of the incidence of the character 
amoi^ the Fi flies from the 24 cultures. The character appears more frequently 
and is more strongly expressed in females. Amcmg the flie® examined the char¬ 
acter showed a d^nite asjrmmetry* appearmg on the left side significantly more 
often than on the right. Tests and counts iri‘ later generations were not made and 
no explanation of this peculiar asymmetry was foimd. Like ‘‘extra-veins'* this 
character is often met with in D. immigrans populations. While extra dorso- 
central bristles are not uncommon among wild flies of certain other species of 
Drosophila, for example D. melanogasler (see I^binin, Romashov, Heptner and 
Demidova 1937), they are even more frequent in D. immigrans. It is clear that 
“extra dorso-centrals'* has an inherited basis, and several loci may be involved. 
However, it is possible to find strains of this species in which the character is 
virtually absent. 
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Both extra-veins’’ and extra dorso-centrals ” would seem to be species- 
specific variants in D. immigrans, highly variable in expression, found in many 
populations and in large numbers of flies, and probably subject to the action of 
genetic modifiers. Populations of this species not containing these variants are 
apparently more rare than those which carry them. 

Among the Fi flies of pair mating (26) there appeared many individuals showing 
stubble bristles. As all Pi flies had b^n examined when pair matings of them 
were made and none had diown this character distinctly it seemed likely that 
both of the parents of culture (26) had been heterozygous for “stubble.*’ This 
would indicate a high frequency of the stubble gene in the population, which was 
subsequently proved by further analysis, 

THE Fj GENERATION 

From the offspring of each of the 55 Pi pairs of flies either 7 or 8 Fi pair matings 
were made up, using the same culturing technique as described above. Where one 
of a pair of flies mated together carries a recessive visible gene in heterozygous 
form half of the Fi offspring should carry this visible gene but none should show 
the character. The mating may be represented as VV^ x Vv, where (v) is the 
gene for the recessive visible and (V) its dominant allele. The offspring will be V\' 
and Vv in approximately eqxial numbers. The chance then of an Fi pair mating 
being of the favorable type, Vv x Vv, to produce some (w) flies showing the 
visible phenotype in the Fi will be .5X.5“.25. The chance of a pair mating not 
being favorable will therefore be 1—.25 = .75. When two Fi pair matings are 
made up the chance of neither of them showing the character in the F* flies will be 
.75^ and the chance of at least one of them showing it will be 1—.75* = .4»S7. The 
more Fi i>air matings made up the more chance there will be of recovering the 
visible character among the Fi offspring of at least one of them. 

Table II gives the results of the inbreeding test. Only the first 7 Fa cultures 
are rec'orded even where 8 were reared. Of thf 55 Pi matings only those from 
which visible mutations were recovered are listed in the first vertical column to 
the left. The first Fi matings form the second vertical column, the second Fi 
matings the third vertical column, etc. Whenever a mutant was recovered from 
an Fi mating it is recorded in the table. 

The total number of mutants recorded in each vertical column is found at the 
bottom of the table. Some investigators have held that the subjective error 
involved in recovering visibles from a population is so great that data on visibles 
will be very inaccurate. Tables such as the one shown make possible an objective 
test of this error. Since the same mutant will often turn up repeatedly in several 
of the Pi cultures, if the mutant is found in one of the early pair mating cultures 
examined it will not likely be missed in later ones where it is present. However, if 
the investigator is overlooking mutants in the early cultures examined he may still 
see them in the later cultures. Such errors would then tend to g^ve more mutants 
itecovered in the last cultures examined than in the first ones. Since the summary 
at the bottom of Table II indicates as many mutants recovered from the first 
three vertical columns as from the last three this error was not present. It should 
be remembered that 25% of the flies in a given culture are on Mendelian expecta¬ 
tion homosygous for the mutant when both parents are heterozygotes. Even where 
mutant types have lowered viability or incomplete penetrance several to many flies 
out of the 100 or more flies in the culture will show the character. It is of course^ 
, true that some mutants will have such a low penetrance and/or viability that they 
may be missed. Others will require special environmental or genetic tools for 
their demonstration. Obviously the mutants recovered represent only a fraction 
of the total genetic changes in the population. But for comparative puri^scs 
there is a large class of viiffl>les which may be dealt with objectively with relatively 
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TABLE II 

Analysis or 65 Pi P\iRs (ir D. immigrant from Nkw Wilmingtc^n, Pa,, 
BY 7 Fi Pair Matings Each. 

Mutants appearing in Fa cultures shown. 

Only numbered Pi pairs from which mutants were recovered tabulated. 



Frl 

Fr2 

Pi 3 

Fi^4 

Fi-5 

Fi-41 

Fi-7 



... . 

- 

bnck 


— 


4 



c\ einlcsh 

-- 

... 

bnck 

— 

h 

in mule 

— 

stubble 

- 

minute 


.. 

i\ 



- 

stubble 


- 

htubble 

9 

- 

brick 

— 

— 

- 

” 


15 


rluboiinel 


- 

stubble 

... 


17 

— 

- 

brick 

— 

brick 

" 

- 

18 



stuVjble 

vt ubble 

-• 

- 

Stubble 

ID 

brick 

bni k 

- 


- 


... 

21 



... 

- 

— 

stubble 


22 

— 

stubble 

bnck 

stubble 

- 

— 


24 

— 


- 

stubble 

stubble 

~ 


t26) 

stubble 

— 

stubble 

(stub bit) 

stubble 

- 


28 



— 


seplft- 

spineless 

" 

... 

211 

— 

Iirick 


— 

*- 



10 

■stubble 

stubble 

— 

- 

... 

*- 


12 

broken 

stubble 

broken 

stubble 

broken 


broken 

purple- 
net-short 

.11 


“ 


- 

stubble 

stubble 

... 

M 


- 

tmv 

-- 


tiny 

tiny 

35 

- 

-- 



:i 

— 

Stubble 

3H 


du bonnet 


-- 


dubonnet 

- 

38 

— 


“ 

-- 

bnck 


— 

40 

Btubblo 


... 

~ - 

stubble 


stubble 

42 

double 

— 


double 

-- 

double 


43 


- 

stubble 

-- 

stubble 

— 

____ _ _ 

stubble 

40 

2djrist, 

2-brist, 

stubble 

shOft-^ 

— 

alubbU* 

2*brl8t. 

short~5 

short-6 

short-5 

47 

— 

stubble 

. . ^ 

— 


stubble 


48 


*- 

smAll 



— 


.5! 

stubble 


— 

purplish* 

thin-sinK, 


stubble 

stubble 

52 

.... 

Btubble 

stubble 


—- 


— 

Total 

0 

13 

12 

10 

13 

10 

9 


NcrrE; Both parents of Pi ( 26 ) werr hoteroivuous for stubble. Both p«irMits of Fi 2 »M w<tre xtiibble. 
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small error under good culture conditions and in the hands of a comf>ctent observer. 

In Table III the percentages of visibles whic'h should recovered out of the 
total visibles present in a given sample where one to five Fi pair matings are reared 
are given. The table also shows the number of mutants actually observed and tho^ 
expected in the sample analyzed It will be that mutants were recovered 
in the first 5 Fi pair matings from the 55 Pi pairs. This, as shown by the table, 
should be 7(),3% of all those present. As the observed and expec'ted frefjucncies 
for 1-4 pair matings indicate the validity of the method it is possible to estimate 
that there were about 47 visibles of the kind being studied actually present in the 
sample When 7 pair matings are reared S7% of the total number of mutations 
should be found. Thus 11% or about 5 of the 47 mutations should be ret'orded for 
the first time in columns (i and 7. Actually 4 mutations do appear here for the 
first time and we may assume that the 7 not found at all were present m the 
sample. On the average not cjuite one visible mutant in heterozygous form was 
<'amed jx^r pair of flies tested. These data indicate that the total numlxjr of v\s- 
ibles of the kind lieing studied can be accuraU‘ly estimated for a population sample 
by the method of rearing one or more F 2 cultures from Fi pair matings of the wild 
pairs of flies constituting the sample. 

TABLE III 

()HSi;»VhD AND Exm iKD NCMUHKS Ol- MUTATIONb RBCOVBkHD BY ReaRINO 1, 2, 3, 4, AND 5 Fi 
Pair Matin(» Cultures i> 56 Pairs t)i- Wild Drosophth tmmifiraftA 
(See text for full explanation.) 


1 

1 

Fj Prs. 

Exi'kcted Per Clnt oi 

Nos. OF Muiations Rmo\ ERFI) 

Mil UT IONS REinVERRD 

Exf)ectcd 

()i>ser\ c(i 

1 

V -w 

1 

! 

j 

1 

11 8 


2 i 

43 7^ c 

20 (i 

19 

3 

57 8^V 

27 3 

28 

4 

wi 4';;. 

.32 2 

32 

5 

76 y 

m 0 

36 


'FABLE IV 

A List ok ihe DuKEREvr Mutations Found in the New Wilmingion S\mi*le. 
All Auix»soMAL Reckssivks; Stubble Intomplbtk Recessive. 

Eve colors Bnstlc changes 

(1) brick (t>) double 

(2) dulionnet (7) minute 

Wing veins (8) small 

(3) broken stubble 

(4) cross-veinless (10) tiny 

(5) short—6 (11) two-bnstle 

Phenotypic Complexes 

(12) purple eye— net wings—short wings 
^3) purplish eye- thin bristles—singed hairs 
04) sepia eye^ spineless bristles 


DESCRIPTIONS OF MUTATIONS FOUND 

A list of lV\e mutations found is given in Table IV. For comparative purposes 
a short description of each mutation is given below. As most of the st<H-ks were 
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soon discarded no symbols have been assigned to the mutations. Similarity 
between any phenotype and that of a mutation previously recorded in this species 
is mentioned. The reader is referred to Table II and descriptions of mutations in a 
former publication (Spencer 1940). 

Eye Colors— 

(1) Brick. Austomal recessive. A dark reddish brown eye-color easily dis¬ 
tinguished from the vermilion-like wild-type at all ages. Excellent viability. 
Recovered 8 times. 

(2) Dubonnet. Autosomal recessive. A purplish eye-color completely sep¬ 
arable from wild-tjrpe but only under proper lighting conditions. Good viability; 
female sterile. Recovered twice. 

Wing Venation— 

(3) Broken. Autosomal recessive. Breaks in second, third, and fourth 
longitudinal veins. Wings may be spread. Some hairs removed lateral to 
dorso-central bristles. Variable expression with normal overlaps. 

(4) Cross-vcinless. Autosomal recessive. Anterior cross-vein always missing; 
postenor cross-vein missing or broken. Developmental period lengthened several 
days at 22 C, Fair viabiuty and fertility. 

(5) Short-5. Autosomal recessive. Distal end of fifth longitudinal vein 
missing. Second longitudinal may be short and posterior cross-vein broken. 
Variable with normal overlaps. 

Bristles— 

(6) Double. Autosomal recessive. Two or three bristles from one basal ring 
Sometimes only one small bristle or none from basal ring. Most often affects 
anterior scutellars, then posterior scutellars and dorso-centrals. Api>arently 
reduplication and loss are diverse phenotypic manifestations of the spreading 
of bristle forming material. A similar case is reported in the phenotypic expres¬ 
sion of the mutant, engrailed, in Z). hydei (Spencer 1942). 

(7) ) Minute. Autosomal recessive. Bristles about two-thirds normal length 
and correspondingly reduced in thickness. Good viability. Less extreme than 
minute from Camp Rincon, Southern California. 

(8) Small. Autosomal recessive. Bristles about three-fourths normal length. 
Developmental period of flies lengthened. 

(9) Stubble, Autosomal, incomplete recessive. All bristles short and heavy 
as in Stubble of D. mdanogaster (Bridges and Brehme 1944). Slight effect in 
heterozygotes. Homozygotes easily separable from heterozygotes Excellent 
fertility and viability. Similar to stubby from Woods Hole, Massachtiaetts and 
stubby-like from Gatlinburg, Tennessee. Recovered 19 times. 

(10) Tiny- Autosomal recessive. Bristles similar to (8) above, but entirely 
sex-limited to male. 

(11) Two-bristle. Autosomal recessive. Anterior dorso-centrals missing, A 
few normal overlaps. 

Phenotypic Complexes— 

(12) Ptuple-net-^ort. Autosomal recessive. Purple eye; plexus of veins 
aroimd posterior cross-vein or posterior cross-vein missing; wings short. This 
complex semi-lethal and sterile. 

(13) Puiplish-thin-singed, Autosomal recessive. Dark purple eye; short, thin 
bristles; hairs singed and sparse; legs misshapen. This complex semi-lethal 
and sterile. 

(14) Sepia-spineless. Autosomal recessive. Sepia eye; bristles very small, some 
missing: flies soon die. This complex semi-lethal and sterile. 
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GENE FREQUENCY OF “sTUBBLE’’ AND BRICK*’ 

The most interesting fact discovered in the course of this analysis was the 
high frequency of the gene, ''stubble,” in the sample and therefon? presumably in 
the population from which the sample was drawn. ‘‘Stubble,” a non species- 
specific character was recovered 17 times in the first 5 Fa cultures of the Pj mat¬ 
ings. As 76% of the mutants present in the sample are recovered by 5 Fj pair 
matings, then “stubble” was present in about 22 of the 110 flies analyzed or in 
20% of these flies. As each fly carries two genes at the stubble locus this gives 
“stubble ” a gene frequency of 10% in the sample and presumably in the popula¬ 
tion. This is a higher frequency for a given gene, either \nsible or lethal, than any 
hitherto reported for any population of any species of Drosophila yet investigated, 
excepting of course species-specific characters widespread in all or most populations 
of a species. Over M populations from the species D, melanogasler, pseudoobscura, 
subobscura, pkalerala^ transversa, kydei^ robusla, immigrans and perhaps a few 
others have been studied on as large or a larger scale than the population under 
('onsideration. 

The variety of structure revealed by these several populations would lead to 
the prediction that in a population of populations some might be found with 
specific gene frequencies as high as that reported here. While the samples have 
often been inadequate to give an accurate picture of low gene frequencies at si^e- 
cific loci they have been sufficiently large to reveal such a high frequency as here 
found if it had been present. 

It becomes of interest to consider the possibilities of population structure, 
ecology and selection pressure which might accotmt for the present case. One 
may consider the possibility that heterozygous “stubble,” which has a slight pheno- 
t3rpic effect on bristles, actually maintained a selective advantage in the 1944 
summer population of Z). immigrans in the New Wilmington environment. Some 
might argue that a laboratory experiment could answer this question. This 
}R3sition fails to take into account the fact that is next to impossible to simulate 
a natural environment in laboratory culture, particularly when that environment 
('ontains many unknown variables. Even in the relatively controlled environment 
of the greenhouse economic entomologists have often found it extremely difficult to 
furnish environmental complexes sufficiently similar to transplant successfully a 
greenhouse pest thriving at one place to a new environment. It is possible tliat a 
selective advantage of heterozygous “stubble” was pre.sent under the particular 
summer environment to which the New Wilmingt<jn, 1944, population was sub¬ 
jected. An approximate equilibrium of 10% “stubble” to 90% wild-type might 
('onceivably have been reached in this particular environment by early SieptemlKT, 
1944. It seems likely that the change in conditions from the warm, relatively dry 
summer to the cold, wet autumn would upset such an equilibrium before or soon 
after it became established. The author considers that the postulated selective 
advantage of “stubble” is a possible explanation of the gene frequency but not a 
^Bfobable one, 

It might be argued that the sample represented the immediate offspring of a very 
few flies one cm: more of which were heterozygous for “stubble.” As the sample 
was taken in a woodland lot where there were no concentrated food stores it seems 
unlikely that this explanation is valid. Rather it would seem that the sample 
reprfestoted ftxr the most part migrants from surrounding orchards and gardens. 
It is quite possible that thes& sub-populations from which the sample was drawn 
would have diown large fluctuations in the incidence of “stubble.” We may then 
assume that the surrounding population contained a 10% frequency of “stubble” 
or that one or more of the sub-populations contained a considerably higher 
percentage. 

Without postulating a selective advantage of heterozygous “stubble” we may 
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find a valid explanation in the population structure of D. immigrans in this lat¬ 
itude* Spring collection records indicate that this species is winter-killed outdoors 
in this latitude at least in some winters. The population of a village will then pass 
through a sharp bottle-neck consisting of a relatively few individuals passing the 
winter in one or a few fruit-cellars or similar environment. Not every home 
harbors a winter population of Drosophila and the chance clement in such over¬ 
wintering is indicated by the species found from winter to winter. In the author’s 
basement a few winters ago a small population of D. funebris survived until spring. 
This was the only species present. This winter a small population of D. melano- 
gaster will survive if the housewife doesn’t find the can of fruit, the metal top of 
which has rusted through. No other species is present. 

After the overwintering of a few flies in some basement of a village home the 
bulk of a spring population may well be established from one or a few females 
which first -reach a favorable outdoor breeding ground. The high incidence of 
“stubble” in this population might well have resulted from the chance concentra¬ 
tion of the stubble gene through two or more of these winter bottlenecks. As more 
populations of Drosophila are investigated even higher gene frequencies in indi¬ 
vidual populations may be discovered. They will probably be found in populations 
undergoing sharp seasonal reductions. 

Ill this connection the following case is of interest. Some ywirs ago Dr. Harrison 
Stalker exposed a Drosophila trap, consisting of an half-pint milk bottle con¬ 
taining banana mash, in a woodland park in Wcx>sU*r, Ohio. The trap was brought 
into the laboratory after about a week and contained many Drosophila larv^ae 
This group of larvae might be considered a small sub-population of Drosophila. 
When reared out the flies were mostly of the species, D. simulans, which has a very 
spotty distribution in this latitude. More remarkable was the fact that a large 
proportion of the flies showed a visible wing vein character, a conspicuous break 
in the second longitudinal vein. This turned out to be an autosomal recessive and 
the incidence of homozygotes indicated that they probably came from a pair of 
flies both heterozygous for the wing-vein gene. Thus this micro-population prob¬ 
ably contained the mutant gene in a frequency of approximately 50%. Conceivably 
the 100 or more flies from this open trap might have established a local sub-pop¬ 
ulation of D simulans with an extremely high frequency of a specific mutant gene 

Further evidence on the small effective breeding size of the New Wilmington 
D. immigrans population is gained from the incidence of the eye-color gene “brick.” 
This gene was recovered 7 times in the first 5 Fi matings indicating its presence in 
the sample about 9 times or a gene frequency of about 4%. While the sample is 
probably inadequate to establish accurately the frequency of “brick” in the pop¬ 
ulation, yet its repeated recovery is further evidence in favor of the postulated 
population structure. Another eye-color, “dubonnet,” was found twice. 

Seven of the “stubble” recurrences were tested for identity by cross-tests and 
all proved to be identical or indistin^ishable alleles. A test of 4 of the “brick” 
recurrences showed them to be identical. With the distinct phenotypes of “stub¬ 
ble ” and “brick” it was thought that the above test was sufficient to establish the 
allelism of the recurrences found. When genes reach this frequency in a local 
population they may persist for years. Thus the gene for vermilion eyes, a sex- 
linked recessive visible in D. attained a frequency of 6.5% in a sub-population 
of this species in Wooster, Ohio, in September, 1931 (Spencer 1932). This gene 
persisted in the local populations for at least 6 years. 

This D. immigrans population represents an extreme variant in the population 
of Drosophila populations thus far investigated in regard to the high fr^uency of 
a single mutant gene. It indicates that under certain environmental conditions 
population structure may be such as to favor the rise to high values of specific gene 
frequencies. It is conceivable that “stubble*^ in heterozygous condition also had 
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a selective value under tlie particular environment to which the population was 
subjected. The genetic analysis of the population gave no information on the 
relative roles of selection, mutation rate, population size and migration. For a 
theoretcial discussion of the roles of these factors the reader is referred to the pub¬ 
lications of Dr. Sewall Wright (1931; 1937). Based upon an ecological study of 
the spec'ios in the latitude in which this population was found the author considers 
that the breeding structure of the population, with sharp seasonal fluctuations in 
size, was probably the main factor in determining the frequency of the gene, 
“stubble,” in this Western Pennsylvania population of D. immigrant in Sep¬ 
tember, 1944 

SUMMARY 

A population sample of Drosophila immigtans was collected from three traps 
exposed in a woodland lot in the village of New Wilmington, Western Pennsyl¬ 
vania, in St'ptember, 194-4. 

From 55 pair matings of the wild flies Fi cultures were reared; 24 of these wei'e 
examined for variants and showed a high incidence of '‘extra venation*’ and 
“extra dorso-eentrar* bristles, both of which are species-specific characters gen¬ 
erally encountered in populations of this species 

“Extra dorso-centrals” was found more often m females and showed a marked 
asymmetry in both sexes. 

In one Fi culture "stubble*’ bristles, an autosomal, incomplete recessive 
appeared in homozygous form in many flies 

Analysis of the sample by 7 Fj pair matings from each Pi culture resulted in the 
recovery of !4 different visibles. Each of these is described. 

A study of the data indicates that about 47 visible mutant g(Mics, c'ounting 
recurrences, were prt'senl m the 110 flics constituting thc^ sample 

The gene, "stubble,” on the basis of the number of times recoven^d, ivS estiniaU'd 
to have had a frequency of about lO^o in the population sample. 

The gene, "brick,** was recovered 7 times and "dubonnet** twi('e. 

As "stubble** showed a slight phenotypic effect in heierozygotes the possibility 
that it might have had positive selective value is considered. 

Extreme reduction in population size resulting in chance fluctuation of gene 
frequencies is considered the probable explanation of the high incidence of 
"stubble.” 

Other cases of high gene frequencies probably due to such seasonal bottlenecks 
arc cited. 
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DIFFERENTIAL STAINS OF INSECT TISSUES^ 


RUTH V. HERSHBERGER, 

The Ohio State University, 

Columbus, Ohio 

In entomological work there is a great need for stains which will pick out 
specific organs and tissues. This is especially true for the work of gross dissection 
and the recogmtion of the boundaries and shape and form of the internal organs. 
In the dissection of mammals the lungs are pink, the muscles a darker pink, the 
hver a brownish red, the kidne 3 rs a gra 3 nsh red, the testes yellow, etc. Few 
anatomists realize the tremendous positive aid such differences of color give the 
research student. In the insects, nearly all internal organs and tissues are white 
so that color values in the recognition and differentiation of parts are absent. 

This lack of color help has tended to limit studies of the internal anatomy 
of insects to the larger organs, such as the sexual, digestive, muscular and nervous 
systems. A review of the literature shows that the heart has seldom been observed 
even in some elaborate published studies of internal organs. The heart wall is 
one cell thick! This organ actually disappears in many dissections especially 
of preserved material. 

This review of stains for specific tissues and organs is a first attempt to locate 
stains which when injected in dilute solution into the live insect color only specific 
organs against the general white background. This procedure would be classed 
as intra-vitam staining. It prepares the intenml struettrre for gross dissection. 

It was found necessary to develop a technique to include the handling of the 
subjects as well as the application of the material. One method has been worked 
out and will be explained along with the results produced by a number of stains 
in its application. In using a number of different stains it was found possible 
to determine to some extent whether those so-called vital stains*' from other 
fields of investigation could be so classified in entomology. In certain cases some 
were found usable that are not usually considered for viable tissue. 

The use of the American cockroach Penplanela ameriema for the experimental 
subject was due to its generalized structure and ready availability. For the 
purposes of a control other forms were used as will be explained. 

The writer wishes to express her sincere ^predation for the guidance given 
by Dr. C. H, Kennedy of the Department of Entomology who. acting as adviser, 
counseled and encouraged the pursuit of this P]^ject. The aid and suggestions 
given in the obtaining of matenals by Dr. G. W. Blaydes of the Department of 
Botany were also greatly appreciated. 

Materials and Methods 

Experimental animal. 

The basic experimental subject was the American cockroach Peripiamia 
americam. Data were more easily obtained by using the adult form as the strength 
of solutions used was high and forms younger than six months of age did not 
survive except in a vefy small percentage. The sex of the insect did not prove 
to be a differentiating factor as was shown in a number of cases where the reaction 
to a stain was found to be identical in both the male and female forms. However, 
more males were used in the work because of the available supply and the sparing 
of some females for colony perpetuation. 


^Part of thesis presented for the degree of Master of Science, Department of Zoology and 
Entomology, The Ohio State University. 
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Equipment. 

Small size battery jars served as retaining chambers for insects undergoing 
the tests. Each housed only those subjects containing one of the stains. The 
jars were marked as to the stain being \x&dd as well as tte date of injection. From 
each were taken the subjects that had passed the time interval requued, for each 
observation stage. These were examined^ and then the data recorded. 

Three materials were used for lessening the activity of the experimental insects 
during the injection of the staining materials and at the time the observational 
dissection. One of these was chloroform, the first used and least satisfactory. 
Its use was discontinued mainly due to the high mortality rate in the roach popula¬ 
tion. If the insects were left in the anesthetizing chamber a minute more than 
the time required to cause the cessation of rapid leg movement, the possibility 
of recovery was only 50 percent. More successfully used was ether. Complete 
cessation of movement (external) could be awaited with an expectation of 95 
jierccnt recovery. Complete relaxation of the insect being used permitted the 
injection of the stain and the transfer to the housing jar with an additional few 
minutes before visible activity was again evident. 

When a number of roaches were required at one time or when excessive excite¬ 
ment in the culture prevented the easy removal of desired specimens, carbon 
dioxide gas was employed. The entire culture was exposed for one minute. After 
that only some head and leg movements were visible and the desired specimens 
could be removed and the gas driven off the remainder to permit recovery. The 
effect lasted one to five minutes and then normal activity was again observed. 

For injection, pipettes scaled to deliver 2-3 cc. were first used, but these were 
abandemed, because the amount of staining material proved to be excessive and the^ 
internal organs were often injured as well as the cuticular body covering. A 
hypodermic needle (1 cc.) xising a small needle was the replacement. With this 
0.1 cc. injections were made. 

Injection of the stain by means of a hypodermic needle proved to be not only 
the most successful means of application but also tl| > easiest. The point of injection 
used throughout was at the base of the third abdominal segment on the ventral 
side, a little off the center of the body. In the attempts to use immature forms 
under six months the piercing of internal organs proved a serious cause of death. 

A binoetdar microscope was employed to study the internal structures and the 
observations recorded. The insect was still alive while the dissection and subse¬ 
quent study were made and it was possible to observe the reactions of the visceral 
structure (as parts of the digestive system and the heart). 

Experimental technique. 

The first s^ after the insect was removed from the stock culture was to apply 
an anesthetizing agent, preferably ether, until all violent external movement 
ceased. This was accomplished by plac^ the animal in a dosed jar containing 
a small piece of cheesedoth saturated with ether. Then after being placed on a 
rtmall dissecting pan and held steady by the investigator’s hand, the hypodermic 
needle was inserted at the base of the third abdominal segment, and the stain 
being used was injected. 

After the injectioh was made, the insect was placed in a housing jar properly 
labded as to type uf stain used and the date. As will be observed, a decile 
thne interval sdtiedule was set up. These were one-half hour, one day, two days, 
and three days. These periods were used not only as an equalizing measure but 
also as a test of speed ana viability. After retention over the time interval desired, 
the dissection was made and the gross restdts obtained. 

Before observation began ether was again used; then ujwn temoval to a dis¬ 
secting pan ^ tegs and wing|S (if present, on female ^lecimen) were removed. 
The IxKiy was c^iotied by a dit through the center of the vential side from the 
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base of the head to the tip of the abdomen. The body was then spread open and 
pinned so the internal area was entirely exposed. 

All the stains used were made up at the percentage of one gram of dry material 
used to 100 cc. of normal salt solution. This was a fairly high concentration for 
staining material and may play a definite role in those types upon which it was 
impossible to obtain data except over a very short time interval. The problem 
arises in this connection as to what dilution the stains might be carried in order 
to obtain like results, but this was not determined. 


Terms. 


- Explanations 


V'^-shaped—The heart wing muscles; color extending along tracheae from the heart region 
in shape of a V with the large end toward the heart. 

Fractions^Refer to percent^es of total amount or numljer of particular organ or group 
of same type of organs affected. 

All stains tested are classified under four headings; 

]. Outstanding Results. 

2 Results Fair. 

3. Lack Good Results 

4. Incompletes 


Each stain is taken in order and has under it all organs and tissues that showed 
results. Those organs and tissues not mentioned were found to be of the normal 
color and condition. Opposite this listing or following it is the description of the 
appearance after a definite time interval that was allowed. All the stains arc 
classified in the same intervals of time. 

The findings classified under Incompletes have been the results of death appear¬ 
ing at the time intervals described. Under repeated testing the mortality rate 
continued to appear so high, it was found impossible to gain results at the con¬ 
centration of staining material used. 


Outstanding 

Blue de Lyon 0. 

Two days testing proved best for number of structures shown and variation of 
color. The gizzard and crop were blue tinged; the heart light blue outlined; 
malpighian tubules pale blue to lavender; salivary glands very pale blue; and 
small intestine pale lavender. The thorax muscles were blue near the dorsal 
side while the fat bodies were blue about the injection |^nt, and the dorsal wall 
material was blue (pale) for a short distance on either side of the heart. In half 
an hour the organs shown were the gi^rd, caecac, heart outline, tracheae (par¬ 
tially), malpighian tubules, and intestines; in one day were shown the gizzard, 
heart outline, crop, edges of caecae, salivary glands, thorax muscles and digestive 
tract; for three days only the caecae and heart outline showed. 

Aniline Blue. 

Here half an hour gave the best results. Scattered portions of the fat bodies 
were light blue; the thorax muscles grey; the dorsal wall material a dead white. 
The caecae and tracheae (in the thorax) had faint blue outlines. The gizzard 
was blue tinged, the heart faintly so; while the salivary glands had a faint grey-blue 
tinge. After one day less distinction but some color was in a few fat bodies, 
malpighian tubules, heart outline, while the dorsal wall material and femurs were 
colorless; two days presented caecae, heart and crop; and the third, the heart and 
tracheae. 

Azur II. 

For structures half hour results are taken. Light lavender fat bodies, lavender 
outlined heart, and tracheae (color from heart) showed easily. The thorax musdes 
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were blue; salivary glands dark blue; caecae (swollen) blue; blue tinge on crop; 
and greenish blue on malpighian tubules. For color variance one day proved 
good. Here was easily seen the lower halves of the crop and gizzard, dorsal wall 
material, fat bodies, salivary glands, heart, and caecae; two days presented caecae, 
gizzard, intestines, fat bodies, salivary glands, malpighian tubules, and dorsal 
wall material; in three days was still shown the fat b^ies, dorsal wall material, 
salivary glands, gizzard, and large intestine. 

Bhilliant Cresyi. Blue. 

Here two days testing proved best for structures and color. The gizzard, 
caecae, salivary glands, large intestines were lavender while the malpighian tubules 
were a mixture of this and yellow. The dorsal wall material was dark blue, the 
fat bodies bright blue with lavender marks; the heart blue-tinged (not all through 
thorax); the femurs green; and thorax muscles bluish-green; except for parts 
mentioned the digestive tract was deep blue. With half an hour the large intestine 
and most of the other internal structures were colored; with one day the gizzard, 
caecae, intestine, half the malpighian tubules, crop, fat bodies, dorsal wall material, 
heart, and salivary glands were designated; likewise on the third day 

Toluidjn Blue. 

For structures and color one day timing proved most productiv^e. Lavender 
was the color of the thorax muscles, salivary glands, while it tinged the crop and 
the gizzard. The tracheae were blue-tinged near the heart while the heart 
had blue outline varying from pale to dark. The ovaries were light blue and the 
fat bodies deep blue; the malpighian tubules and caecae green. In half an hour 
reactions were seen on fat bodies, caecae, salivary glands, gizzard, and heart; in 
two days thorax muscles, fat bodies about intestines, salivary glands, and dorsal 
wall material were clear; blue predominated with three days on fat bodies, salivary 
glands, and heart outline. 

Trypan Blue. \ 

With this stain half hour timing showed the most structures and color variance. 
The salivary glands and ovaries were pale lavender; the caecae blue tinged; the 
malpighian tubules lavender tinged. After one day the stomach, tracheae, and 
heart were shown; two days only the heart appeared touched; this was the same on 
the third day as the second. 

Rose Bengal. 

Three days timing proved most effective for showing the greatest number of 
structures. The crop and gizzard were deep red; the caecae orange-red; the 
thorax muscles red streaked. The salivary glands were deep pink while the 
ovaries were pink. The dorsal wall material was light scarlet, and half of the 
malpighian tubules and fat bodies were bright scarlet. The heart was deep wine. 
Two days was best for color variation. Here appeared the crop, gizzard, caecac, 
heart, dorsal wall material, salivary glands, ovaries, malpighian tubules, part of 
the fat bodies, and femurs; with half an hour all the insides were colored; one day 
showed dorsal wall mateiW, malpighian tubules (most), tracheae, and ovaries 
with some other scattered coloring. 

Results Fair 

Bikbrich Scarlet. 

The most results were gained from one day t^ts. The heart, fat bodies and 
dorsal wall material were scarlet; the small intestine red; the malpighian tubules 
bright orange; and the salivary glands bright pink. Half .hour testing produces the 
most color. There showed up the malpighian tubules, digestive tract, salivary 
glands, thorax muscles, and heart; two days showed malpighian tubules, heart, and 
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light outUoiog of the tracheae; three days produced results on dorsal wall material, 
heart, malpighian tubules, and salivary glands. 

Gentian Violet Imp. 

After one day the greatest color variance and results were obtained. Violet 
predominated, showing in the crop, gizzard, fat bodies, heart, dorsal wall material, 
small intestine, and caecae. The salivary glands were a deep lavender and half the 
malpighian tubules were lavender. After half an hour there showed the crop, 
gizzard, heart outline, salivary glands, malpighian tubules and fat bodies; with 
two days were traces on crop and some fat bodies; like traces were seen on the third 
day on salivary glands, fat bodies, gizzard, malpighian tubules, and small intestine. 

Congo Red. 

Two days work was the best for structxue and color results with this stain. 
Dark brown flakes were scattered in the body cavity. The fat bodies and dorsal 
wall material were orange-brown colored; crop and gizzard dark red-brown; the 
caecae dark red with a dull red coating over the heart; and the salivaiy glands dull 
lavender. Half an hour produced results on salivary glands, digestive tract, fat 
bodies, dorsal wall material, and heart; one day on salivary glands and gizzard, 
fat bodies, crop, and heart; three days on heart, caecae, malpighian tubules, and 
salivary glands. 

Bordeaux Red. 

With this, one day brought more structures to attention. Pink predominated, 
being on the salivary glancte, crop, gizzard, small intestine, and outer two-thirds 
of the tracheae. The malpighian tubules were dull red (granular in l^>pea^ance) 
as was the heart (near the tracheae). The thorax muscles had a few red streaks. 
Half ho\ir testing produced more color variance. Here showed up clearly the 
heart, salivary glands, malpighian tubules, caecae, dorsal wall material, and 
thorax muscles; two days showed caecae, small intestine, and heart; while three 
days showed salivary glands, fat bodies, crop, and heart. 

Safranine O. 

With this stain more structures showed in a day. The pink of the upper 
half of the crop, dorsal wall material, heart outline, fat bodies, and gizzard diowed 
as deep pink on the salivary glands and thorax muscles. The small intestine and 
caecac were bright scarlet; the malpighian tubules bright orange. Tlie color 
variance was best in two days. The salivary glands, caecae, malpighian tubules, 
thorax muscles, small intestine, and heart outline were seen; with half an hour 
was seen the mdpighian tubules, crop, thorax muscles, and caecae, salivary glands, 
dorsal wall material and heart outline; in three days was seen these: small intestine, 
fat bodies, thorax muscles, salivary glands, and heart outline. 

Dahlia B. 

Half hour results showed more structures and color. Two-thirds of the fat 
bodies, malpighian tubules, and sides of the heart were lavender; gizzard, salivary 
glands, and lower end of crop videt. In one day could be seen the salivary glands, 
half the fat bodies, dorsal wall material, and thorax muscles; in two days the 
anterior hdf of the fat bodies, heart, caecae, and a few malpighian tubules; in three 
days salivary glands, fat bodies, caecae and small intestine. 

Methyl Vioi^ B. 

One day proved the optimum timing. The fat bodies, malpighian tubules, and 
dorsal wall material were colored rose lavender; gipard and small intestine l^ht 
violet. The saliva^ glands were lavender with vioJet colored "veins,” and the 
heart outline was violet. Half hour results we^ for salivary glands, crop, gizzard, 
fat bodi^, heart outline, and malpighian ttfbtdes; two da;;^ for h(^ outUoe (in 
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the thorax), caecae, salivary glands, digestive tract, and iat bodies; three days 
for laitge inteatine, malpighian tubules, and fat bodies. 

Light Qkben S P Yellowish. 

Half iKiur results were best on structure and color counts. The ovaries were 
spotted with pale green; the malpighian tubules brilliant green colored; the gizzard 
dark green as well as the heart outline; the salivary glands pale blue. The crop, 
dorsal wall material, and thorax muscles (at base of legs 1 and 2) were green tinged. 
In one day we find malpighian tubules, heart outline, salivary glands, femurs, 
gizzard, large and small intestines, and crop; two days find ^ivary glands, 
malpighian tubules, heart, crop, thorax muscles and small intestine, tracheae and 
femturs; three days find heart outline, dorsal wall of heart, half malpighian tubules, 
large intestine, and thorax muscles. 

Past Green F C F 

Half hour work produced the greatest number of affected structures. Bright 
green predominated as shown in the fat bodies tinge, salivary glands, gizza^, 
intestines, and ovaries. There were traces of green on the crop and malpighian 
tubules as well as the tinge on the thorax muscles. Half the caecae were green; 
the heart covered with dwk green; and the dorsal wall material had a blue-green 
tinge. Two days produced more color variation, on salivary glands, femi^, 
dorsal wall material, crop, gizzard, heart, caecae, tracheal outlines, malpighian 
tubules, fat bodies, and intestines; one day showed on fat bodies, malpighian 
tubules, femurs, dorsal wall material, crop, gizzard, intestines, heart, caecae, and 
stomach; three days on fat bodies, salivary glands, thorax muscles, heart, femurs, 
base of antennae, caecae, malpighian tubules, crop. 

Chlorozol Black £. 

Three dajrs was best for structures. The crop, heart, tracheae (V-shaped 
outline), and femurs were black; the malpighian tuMes, caecae and gizzard were 
grey with the fat bodies a dark grey as also the Mlivaiy glands. The dorsal wall 
material was almost black while the intestines had a dark lavender tinge. One day 
work had more color variation. Namely, on crop, heart, caecae, dorsal wall 
material, fat bodies, malpighian tubules, and salivary glands; half an hour on crop, 
fat bodies, dorsal wall material, salivary glands, malpighian tubules; two days on 
fat bodies, crop, malpighian tubules, salivary glands, and heart outline. 

Azur I. 

One day proved best for structures and color here. The salivary glands were 
a true bhie, while the thorax muscles were light blue; the malpighian tubules 
ranged from light blue to deep violet; and both the heart outline and the tracheae 
were blue tingra. Both the tat bodies and dorsal wall material were pale greenish 
blue and the caecae and gizzard had faint lavender tinges. After half an hoiu was 
seen crop, salivary glands, dorsal wall material, fat bodies, caecae, and ventral 
nerve cord; after two days was seen fat bodies and dorsal wall material only; but 
three days had fat bodies, dorsal wall material, salivary glands, and large intestine 
(posterior end). 

Cotton Blue. 

In this stain one day was the best for all results. Loose fluid stain was present 
in the body cavity. The gizzard was pale blue as was also the salivaiy glands and 
the crop (here darir blue streaks present). The fat bodies were blue (at the 
injection point), as also the caecae and smell intestine. The heart was deep blue 
' aro the dorsal wall material blue tinged, In half an hour the heart, gizzard, dorsal 
wall material, and thorax muscles were seen; in two the gizzard, salivary glands, 
crop, caecae, few malpighian tubules, heart, fat bodies, and intestines were seen; 
white on three days testing only the heart, salivary glands, caecae and fat bodies. 
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PucHsiN Basic. 

The results were brief and best shown after half an hour. The salivary glands, 
crop, and gizzard (lower half) were light pink; the caecae (half of them) were pink; 
the malpighian tubules dark pink. In one day was seen half the malpighian tubules, 
salivary glands, and stomach; in two days only the heart and its outline; then on 
the third day trials the malpighian tubules, fat bodies (near the digestive tract) and 
stomach tracheae. 

Crystal Violet. 

Best results for structures and color were gained after one day. Light pink 
showed in the “veins’* of the ^ivary glands, the stomach, and intestines. The 
fat bodies near the crop were light lavender, and the heart had a brown outline. 
Half hour results were on salivary glands, caecae, gizzard, and fat bodies; two days 
on stomach and dorsal aorta; three days on salivary glands, half the malpighian 
tubules, caecae, and intestines. 

Pyronin. 

More structures were shown after one day. There was a pink tinge on the 
crop and half the fat bodies. The caecae were pale pink; the dorsal wall material 
deep pink; a few malpighian tubules de^ peach; and the heart deeply outlined in 
pink (out V-shaped along tracheae). Two days showed color variance, in the 
dorsal wall material, salivary glands, half the malpighian tubules, stomach, fat 
bodies, and crop; three days produced fat bodies, dorsal wall material, ovaries, 
one-third of the malpighian tubules, heart and its outline; in half an hour all the 
insides (scarlet). 

Aldehyde Green. 

Three days was best for structures and variability of color. The female 
reproductive organs and second and third leg femurs were light green; dark green 
showed on the fat bodies, dorsal wall material, and heart. Blue-green, light for the 
thorax muscles and dark for the malpighian tubules showed well. The anterior 
end of the crop was black. The fat bodies were deteriorated; this condition 
showed also in one and two-day results. Half hour results were caecae, malpighian 
tubules, three-fourths of the fat bodies, digestive tract, heart, dorsal wall material, 
and salivary glands; one day were malpighian tubules, caecae, digestive tract, 
dorsal wall material, femurs, heart and thorax muscles; two days were digestive 
tract, malpighian tubules, dorsal wall material, femurs, thorax muscles, and heart. 

Borax Carmine, 

Half hour results indicated the most structures. Scarlet accounted for the 
dorsal wall material (rosy shade), gizzard, intestines, caecae; fat bodies, salivary 
glands, and heart went from rose to pink to dull red. Color variance was obtained 
with three days on heart, posterior end of crop, dorsal wall material and thorax 
muscles, caecae, and gizzard; one day showed leg muscl^, thorax muscles, gizzard 
to end of the digestive tract, heart; two days showed digestive tract (gizzard on), 
heart, thorax muscles, and tracheae. 

Acid Puchsin. 

For structures one day was best for timing. The posterior end of the crop 
and the caecae were wine colored, and the heart and its outline was very deep wine. 
The dorsal wall material was pink; half the malpighian tubules dull pink. Tinges, 
pink on thorax muscles and scarlet on the intestines, were also present. Color 
changes predominated in three days work on thorax ratiscles, fat bodies, dorsal 
wall material, heart, intestines, salivary glands j half an hour resulted in fat bodies, 
heart, salivary glands, dorsal wall material, digestive tract, crop, and two-thirds 
of the malpighian tubiales; two days resulted in fet bodies, digestive tract, dorsal 
wall material, gizzard Mid salivary glands. 
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Lack Good Results 

Orange I. 

One day testing proved best for number of structures shown and color variation. 
The caecae and stomach were reddish; the salivary glands slightly brown; and the 
thorax muscles red-brown. After half an hour run these showed up, i.c., 
malpighian tubules, digestive tract, and heart outline; two days, only the heart 
(tinged); three days, the caecac and traces on dorsal wall material. 

Aurentia. 

The best structure and color results were found after one day. Here the caecae 
and small intestines were reddish; the dorsal wall material and fat bodies had an 
orange-brown tint; the salivary glands were yellow as was the upper half of the 
crop (lower half, brown). Half an hour produced fat bodies, dorsal wall material, 
salivary glands, and caecae; two days produced fat bodies, dorsal wall material, 
salivary glands, thorax muscles, and caecae; three days produced caecac, small 
intestine, fat bodies, salivary glands, and heart outline. 

Thionin. 

One day results showed more structures and color The large intestine was 
purple speckled; the fat bodies were dark blue at the injection point; the tracheae 
a faint lavender (near the heart). Half an hour had only thorax muscles; two days 
no results; three days had digestive tract, caecae. 

Alizarine Green G. 

Half hour timing was best for both number of structures and variation of color. 
Light green appeared in the salivary glands, dorsal wall material (traces), and fat 
bodies (near injection point); the crop was dull green. One day had only 
malpighian tubules and heart outline; two days only malpighian tubules; three 
(lays showed salivary glands, malpighian tubules, and heart outline. 

Orange G. 

More structures and color variance appeared ifter half an hour. The caecae 
and stomach were orange; the thorax muscles with an orange-brown tint, and the 
dorsal wall material brown-tinge. One day lacked color only in fat bodies and 
malpighian tubules; two days had fat bodies, dorsal wall material, heart, stomach 
and hind gut; three days had heart, intestines, caecae, and dorsal wall material. 

Phloxine. 

One day's work proved best for coloration and structure showing Variations 
of pink dominated; from bright pink of the malpighian tubules and fat bodies 
(half of them); the pink of the salivary glands and caecae; to the pink outline of the 
heart. All the viscera were a rosy pink. Three days produced results on 
malpighian tubtiles, digestive tract, caecae, fat bodies, and heart. 

Quinoline Yelix)w. 

In this stain the half hour group was best for number of structures shown. 
The fat bodies and dorsal wall material were yellow, while the digestive tract 
showed an even clearer, bright yellow. The thorax muscles and salivary glands 
were light orange. For color variations two days was best as on fat bodies, dorsal 
wall material, caecae, and heart; one day had fat bodies, dorsal wall material, 
heart, caecae, and digestive tract; three days had fat bodies, dorsal wall material, 
heart, and digestive tract. 

Bismarck Brown. 

With this stain three days proved the optimum with color and structures. 
The caecae and small intestine were red-brown and the heart had a red-brown 
tinge. Along the tracheae the dorsal wall material was brown tinged (in the 
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abdomen). The fat bodies were brownie pink at the point of injection. Half 
an hour had tinged fat bodies; two days, fat bodies, dorsal wall material, and 
tracheae; one day, fat bodies, caecae. 

Methylene Blue. 

Here one day results were best for number of structures ^wxl Pale blue 
showed on the tat bodies and salivary glands while the ovaries had a pale blue 
tinge as the nerve cord (between the ganglia). The tiiotax muscles were 
blue as was the heart outline and the caecae tips. The crop showed blue (lower 
half); the gizzard a purple tin^. Two days show^ the most ccdw riiangwn as on 
intestines, malpighian tubules (few), heart outline, tracheae, salivary glands, 
caecae, gizzard, and fat bodies; half an hour showed thorax muscles, crop, nerve 
cord, heart, half the malpighian tubules, ovaries, salivary glands, fat bodies, and 
gizzard; three days showra crop, gizzard, and fat bodies. 

Eosin Y. 

Half hour testing was best for structure ntunber and color. The color went 
from red of caecae (fluid filled), bright pink malpighian tubules, orange pink 
saliva^ glands, salmon pink fat bodies, to wange ouriined heart and pii^ tinged 
digestive tract and testes. For one and two days all the insides were colored; for 
th^ days, only the caecae, dorsal wall material, half the fat bodies, some 
malpighian tubules. 

Magenta Roth. 

Extent of coloration and variance showed up in half an hour. The malpighian 
tubules were scarlet, the fat bodies rosy scarlet, dorsal wall material bright pink, 
thorax muscles pink; and the caecae were deep wine in color. One day results 
produced salivary glands, dorsal wall material, and fat bodies; two days, intestines 
and caecae; the same occurred for three days. 

Auramine 0. 

After two days more structures appeared stained. Bright yellow accounted 
for the crop, malpighian tubules, and female reproductive oigaiui. In the thorax 
region the heart was deep yellow, while the fat bodies were a creamy yellow and 
the dorsal wall material riightly yellow tinged. After half an hour all the insides 
were bright yellow; one day followed suit; three days varied some on caecae, fat 
bodies, salivary glands, and heart. 

Rhodamine 6c. 

Here two days proved best for structure staining and cdor change. The 
dorsal wall material and fat bodies were pink and the dgesthre tract had a dight 
pink tinge. Salmon accounted for the thorax mu8d» and ovaries with the 
malpighian tubules and caecae being lavender. Half hour testing drowed fat 
bodies, malpighian tubules, caecae, dorsal wall material, salivary glan^ and 
digestive tract; one day colored all except tracheae; three days, the intestines, fat 
bc^es, dorsal wall material. 

Orange II. 

After half an hour more structures were shown. The intestines, caecae, 
malpighian tubules were bright orange; the dorsal wall material, and thorax 
muscles light orange. The fat bodies and salivary g^ds had a light oni^e 
tinge while the heart had a dark onmge outline. The greatest color variation 
was shown after three days, this on intestines, gizzard, crop, ovaries, and heart; 
one day showed on malpighian tubules, thorax muscles, fonuts, dig^ve tract, 
dorsal wall material, and heart; two days slmwsd on heart, malpignmn tubules, 
crop, caecae, and thorax muscles. 
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Water Blue. 

Three da3r8 presented the best color picture on the greatest number of struc¬ 
tures. The caecae and gizzard were blue; the dorsal wall material and femurs a 
light blue; and thorax muscles were deep blue. The heart had a blue outline 
(out V-shaped alot^ tracheae). The malpighian tubules were greenish blue. 
Half an hour showed dorsal wall material, a few malpighian tubides, crop, and 
caecae; one day showed at least tinges of color on all viscera; two days resulted in 
heart outline, caecae, gizzard, and ovaries 

Indigo Carmine. 

More structures were shown after half an hour. Most of the malpighian 
tubules and the crop were deep blue. The intestines and dorsal wall material 
were light blue as was the covering of the heart. A few fat bodies were blue 
tinged. After two days the range <3 color covered the greatest area, this on half 
the malpighian tubules, caecae, ^ivary glands, heart outline and femurs; one day 
showed one-third of t^he malpighian tubules, caecae, fat material; heart and 
malpighian tubules succeeded on three da3r8. 

Orcein. 

In this case one day results proved best for all counts though evidence was 
meager. The caecae were a very faint pink; the small intestine lavender; and the 
edges of the heart were yellow tinged. H^f an hour showed only the gizzard; 
two dajrs, the intestines and caecae; three days showed heart outline and few 
malpighian tubules. 

INCOMPLETE.S 

Methylene Green. 

Half hour testing j^ved best from the standpoint of number of structures 
shown and color variation. The salivary glands were pale green; the heart was 
outlined through the thorax region with green. One day showed the malpighian 
tubules (half), and ovaries (bleached). ‘l 

Malachite Green 

Only half hour testing gave results. The salivary glands, caecae and thorax 
muscles were dark blue; the malpighian tubules and heart were dark green while 
half the fat bo^es were brilliant green. Femurs showed green and tracheae had a 
narrow blue outline. 

Phloxin Red. 

This also had only half hour data. The dorsal wall material and fat bodies 
were rosy scarlet; the treacheae had a scariet tinge; the malpighian tubules were 
bright r^. 

Nile Blue Sulphate. 

Here one day testing proved best for both numbers of structures shown and 
cedor yarianoe. Tte salivary glands, caecae, gizzard, and small intestine were 
light blue; the dorsal wall material and ert^ were deep blue; the femurs and 
malpighian tubules were grera. The fat bodies went from deep purple to yellow- 
green wh^ the heart was videt. Half an hour showed femurs, thorax muscles, 
digestive tract, fat bodies, dorsal wall material, salivary glands, heart, caecae, and 
malpighian tifeules. 

-Janus Gebien B. 

Half hour results were best on structure count and color. Deep scarlet showed 
on ^ dorsal wall material and combined #ith blue shaifes in the fat 

dies. The n^pighiaa tubules were deep blue as also the caecae; the heart was 
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more a navy blue; the thorax muscles were blue tinged. Gizsard and salivary 
glands were lavender. One day results were femurs, thorax muscles, heart, 
malpighian tubules, dorsal wall material, salivary glands, crop, and fat bodies. 

Erythrosin Bluish. 

The half hour work was test in structure and coloration counts. The gixzard 
was true pink and the ovaries deep pink tinged and a slight pink tinge on the 
digestive tract. The fat bodies variea from deep to light rose; the salivary glands 
a deep rose. The caecae were scarlet and the malpighian tubules orange-red. 
One day presented caccae, heart, thorax muscles, dorsal wall material, malpighian 
tubules, salivary glands, and fat bodies. 

Vital Red HR. 

One day information proved test for structure and color showings. Brilliant 
scarlet was on fat bodies, gizzard, caecae, malpighian tubules; a duller scarlet 
for thorax muscles, dorsal wall material, and femurs The tracheae and salivary 
glands were pink, while the heart was dark pink with flakes of sc^arlet lying over it. 
The intestines had a reddish tinge. Half an hour produced fat bodies, heart, and 
most of the other viscera. 

Po. Cochineal. 

Half an hour was best with pink tinged small intestine (near the injection 
point) and dorsal wall material. One day had scattered dull green spots on s^ivary 
glands and fat bodies. 

Recommended Stains for Particular Tissues 

1) Heart—Toluidin Blue hour); Tiypan Blue (1, 3 days). 

2) Tracheae—Fuchsin Basic (3 days); Borax Carmine (2 days). 

3) Ventral Nerve Cord—Azur I {Yi hour). 

4) Gizzard—^Acid Fuchsin (2 days); Azur II (2 days). 

5) Caecae—Aldehyde Green (1 day); Acid Fuchsin (1 day). 

6) Salivary Glands—Brilliant Cresyl Blue (hour, 2 ^ys); Tiypan Blue (Yi hour). 

7) Crop—Bordeaux Red (3 days); Blue de Lyon O (1 day). 

8) Fat Bodies—Methyl Violet B (3 days); Azur II hour, 2 days). 

9) Thorax Muscles—Safranine O (2 days); Toluidin Blue (1,2 days). 

10) Malpighian Tubules—Azur II (2 da3rs); Light Green SF Yellowish {}/% hour, 

1 day). 

11) Dorsal Wall Material—Toluidin Blue (2 days); Aniline Blue 0^ hour, 1 day). 

12) Digestive Tract—Congo Red hour); AldeWde Green {Yt hour). 

13) Hind Gut—Azur II (3 days); Brilliant Cresyl Blue (H hour). 

14) Ovaries—Trypan Blue {Y hour); Aldehyde Green (3 days). 


STAIN MANUFACTURERS 

Coleman & Bell Co...Norwood, Ohio 

Dr. G. Grubler & Co.teip^ig 

National Aniline & Chemical Co., Inc . New York, N, Y. 
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MONOSTROMA WITTROCKII IN OHIO* 


CLARENCE E. TAFT, 

The Ohio State University, 

Columbus, Ohio 

On July 15, 1941, tlie Ichthyology class from the Franz Theodore Stone Lab¬ 
oratory, Put-in*Bay, Ohio, brought to the Laboratory a large collection of 
Monoslfoma which they had sei'ured in the Portage River Although it was 
immediately identified as a species of this genus it was almost unbelievable that 
thivS genus could occur in a freshwater stream so far from its usual marine or 
brackish water habitat. 

During the summer of 1942 the writer visited the area with one of the original 
c'ollectors but was unsuccessful in finding it although the stream was cxamini‘d 
for several hundred yards in either direction. 






Pig, 1. MonosirofmK PTirtrocAtt Bomet. (a) Cells in face view, (b and c) Cells in set'stion 
from two parts of the same thallus. 


The original discovery was made in that area of the Portage River which lies 
in Sec, 9, southern Harris Twp.* Ottawa County, Ohio. This is about 16.5 miles 
wt^t of I'ort Clinton ami approximately 5 miles west tuid a little south of Iht^ 
village of Oak Harlior. The stream at that time hod about 50% well tlefint^l 


'Paper from the Department of Botany, The Ohio State University, No. 484, 
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riffles and the remainder pools with little or no current. The bottom was chiefiy 
glacial gravel, boulders a^ mlt. Some field and sewage niAution existed^* The 
algae, some of which was attached to sedges and unidentified weed stems, formed 
floating, gelatinous masses along the margin of a silted-bottom pool. The 
abundance (8 quarts in the collection) as wdl as the attached thalli attest to the 
fact that it was well established and that it was not the chance discovery of a few 
fragmentary scrajxs discarded accidentally or by des^. One can only speculate 
on the events leading to its introduction into Ohio. Birds may have b^n respon¬ 
sible, but this seems very^ unlikely. Another possibility udiich seems more 
plausible, is that fragments *or r^c^ctive cells were bro^ht in with sea food 
or with material used in packing such food. The fact that the river flowed through 
a quantity of trash and kitchen refuse discarded frcnn a home about fifty yards 
above the area, lends credence to this thec^. Its failure to reappear during the 
summer of 1942 may be due to the scouring of stream bottom and margins by 
spring floods. 

Monostroma Witirockii Bomet is listed by Taylor (1937) from a salt marsh in 
southern Massachusetts. In the young form it is attached and saccate. With age 
it splits more or less into a broad, irregularly lobed blade which is very fragile 
and breaks loose from its attachment. The blades in the Ohio material reach^ a 
length of about 12 cm. and were a pale green color and quite slippcty. In parts 
of the thallus the cells may show a definite grouping into 2 and 4. ibe cells are 
angular, with fairly thick walls, and a diameter of 9-18/*. Cells in section are 
rounded to oval, 9-12 x 11-15/*. Thallus about 1&-21/I thick. 

The writer eimresses his appreciation to Dr. E. N. Transcau of this Department 
and to Dr. G. W. Prescott, Albion College, Albion, Michigan, for their advice. 

CITATIONT 

Taylor Wm. Rando^, 19S7. Marine Algae of the Northeastern Coast of North America. 

Univ. Mkb. Studies, Sd. Ser, Vol. 18, pp. 1-427. PI. 1-80. 


■Data pertaining to geographical location and strem conditions supplied by Mr. Milton B. 
Trautman, The Fmnz Theodore Stone Labomtory, Put-in-Bay, Ohio, 


Inaacts of the Padic World 

This volume is aziother in the Pacific World Series. As indicated by the title it covers the 
insects inhabiting the large and small idands of the Pladfic Ocean areas. However, one diapter 
is devoted to the class Axadmida, with maior emdhaafa on ladders, mites, tkks and soorpbns. 

The subject matter covered is as fo&ows: Insects and their Rdatives; True^ Phes—Order 
Diptera; Bees, Wasps and Ants—Order Hymewiplera; Butterffies, Moths and Sldppen—Order 
Lepidoptera; Beetles—Order Coleimtera; True Bog»--Onler Hem^ptera; Ctear-wbg Bngs^— 
Order Homoptcra; Dnuonflies and Daxnsd Plies—Order Odonata: Nerve Winged InseCta— 
Neuropteroids; Order Ortboptera; Miscdlanecms Orders; Arachnids and allieB; Insects and 
Disease; Collecting, Preserving and Skippkog Insects. 

The arrangemeitt of topics is in reverse to that commonly followed in presenting information 
concerning insecU from the classification viewpoint. Bach chapter oonsista of a hraC discussion 
of the characteristics, habits and dsrtdbation of major species of eacd* family of the Orders covered. 

The book k illustrated by 97 figures and 8 plates. The figmes are sine etchings of adult 
insects and the plates are half-tones of adult Lepidoptera and OdcMaata. 

The inlotmation is authentic and with the style pf initing the book should be of considerable 
interest to the laymen as wcU as the professional entoitkotogists.—Jkdpii H. DoMsoh, 

laeeets of tike Padfle Woild» by C. H. Curran, 817 pages, ICA iHustmtions. Macmillan 
Company, New York. IWfi. &JiS, 
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SYMPOSIUM ON THE RECENT ADVANCES IN THE 
MEDICAL SCIENCE 

Papers delivered before the Medical Sciences Section of The Ohio 
Academy of Science, at The Ohio State University, May 3, 1W6. 


ADVANCES IN PUBLIC HEALTH 

ROGER B. HEERING, M.D.. M.P.U., 

Director, Ohio D^artment of Health, Columbus, Ohio 

Public health has passed its adolescent stage and is emerging into maturity 
as a positive science. The scientific advancements of the past quarter century 
have brought with them a phase of public h^th consciousness on the part of the 
medical profession as well as the general public, with the result that tools have been 
develops whereby the health of the people as a whole has been improved. Withal, 
we are only beginning the battle against disease and the next few years will sec 
many more advancements. ^ 

New case finding techniques in tuberculosissare being expanded, mainly in the 
field of mass x*ray procedures. With the use of microphotofluorographic equip¬ 
ment, large numli^ of persons can be screened effectively and at relatively low 
cost. The follow-up of suspects and cases includes the examination of contacts, 
along with education in prevention and treatment. Increasing emphasis is being 
placed on the finding of early cases in a wholehearted effort to cure and rehabilitate, 
so that patients may become self-supporting and useful members of society. 

Res^ueh goes on in the use of aluminum in the prevention and treatment of 
silicosis, where evidence, available to date, indicates aluminum therapy is of 
therapeutic significance. It is recommended, however, that the general application 
of aluminum therapy in industry be dela 3 red until adequately and impartially 
controlled observation demonstrates a practicable effectiveness. In the 

meantime, there should be no slackening in the control measures that have been 
found to accomplish a reduction of the hazards of harmful dusts in industry. 

During the past few years great strides have been made in the control of com¬ 
municable disewes. To name but a few .... a significantly effective influenea 
vaccine has been deMtdoped, and diphtheria toxoid has been combined successfully 
with tetanus and whooping cough immunising agents. It is noteworthy that, 
because of complete immunisation by the Army and Navy, tetanus was extremely 
tare in the armed forces during the recent conflict. Recent developments 
have given us an immuna globulb for the p^hylaxis and treatment of meades 
which may have faivreaching possibilities in this, as wdl as other fields in pediatrics. 
Research goes on with penicillin, its usefulness already having been established in 
reducing ^ poriod com muni cability ci certain of the more common infections, 
and in teduc^ the hamds oS. complications. 
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Penicillin also permits the safe and effective rapid treatment of syphilis and 
gonorrhea, allowing more emphasis to be placed by public health agencies on case 
finding. The main value of the short-term therapy of syphilis is the reduction 
in the proportion of lapses from treatment, so frequent in long-term standard 
therapy. However, in the manufacture of penicillin for commercial use, certain 
refinements have lowered its curative value for syphilis. Knowing that factors 
F and G are essential for the successful treatment of this disease, and that factor K 
is the least effective, methods have been developed during the past year to inhibit 
the formation of the K factor. At the present time, a considerable amount of 
commercial penicillin containing an abundance of the K factor and deficient in 
F and G is on the market, thu^ necessitating relatively larger doses of the drug to 
effect cure. 

The diagnosis of syphilis is primarily a laboratory procedure and the recently 
developed cardiolipin antigen can be set at a stable sensitivity level, while increasing 
specificity, living c^use for hoi>e of enhancing the reliability of serodiagnostic 
methods.f Cardiolipin, however, is still definitely experimental, but, if proven, may 
result in a cdfnplete overhaul in the field of syphilis serology. 

The extent of the toxicity to human beings of D.D.T. (dichloro-diphenyl- 
trichloroethane) is not known, but it has been found that it can be used in the 
control of insects with little danger to the user if reasonable precautions arc 
observed. Perhaps in this country it will find its greatest use in tlic control of 
malaria. At the present time, the U. S. Public Health Service is engaged in an 
anophelene mosquito control program in the endemic areas of the southern states, 
jjutting to use practices found effective by our armed forces. D.D.T. is also being 
used effectively in the control of the vectors typhus and yellow fever. It must be 
rememl>ered, however, that though D.D.T. may prove to be a boon to humanity, 
it must not be regarded as a substitute for sanitation. 

In the field of dental health, the discovery that the topical application of a 
two per cent solution of fluorine reduces the incidence of dental caries by approxi¬ 
mately fifty per cent, offers great possibilities. Perhaps we may be justified in 
assuming that in the not distant future, caries will be a minor instead of a 
major problem in oral health. 

One of the important causes of death in childhood is rheumatic fever, and 
although it is not known as yet, with certainty, whether rheumatic fever programs 
are preventing illness or prolon^ng lives, substitution of good management for the 
neglect or over protection which frequently characterizes the handling of these 
children, is enough to make these programs worthwhile. Realizing the need for 
better and more widely available constdtative services for rheumatic fever, as well 
as coordinated services for the care of patients, health departments are encoura^g 
the development of such facilities. In some instances, clinics are being organized 
independently by local medical associations and hospital staffs, working coopera¬ 
tively with local or state health departments in case finding, follow-up and 
education. 

The outlook for the control of cancer is definitely improving. There is growing 
evidence that cancer patients are seeking medical care earlier in the course of their 
disease, enhancing their chances of survival. This trend is due in most part to 
public education. Even in the present state of our knowledge, many lives could 
be saved annually by earlier diagnosis and with the institution of appropriate 
treatment. The ultimate answer, however, lies in the laboratory. 

Today, public health has developed to the point where it has become apparent 
that many diseases cannot be controlled without full citizen understanding and 
participation, and therefore hesixh education is coming to be universally accepted 
as an essential part of every public health program. To stimulate public action 
and individual participation, well planned and coordinated programs of education 
are required. Three major methods are employed in health education, namely: 



No. 4 


PUBLIC HEALTH 


167 


as a part of teaching in the schools and colleges, health information for the general 
public; and health teaching by those who are actually engaged in giving medical 
care to the sick. This latter is one of the great responsibilities and privileges of the 
practitioner of medicine 

It is generally accepted that some method is needed for distributing the risks 
in sickness and the costs of medical care, so that the population as a whole can 
gain access to medical services as needed. Insurance and taxation are the two 
methods of distributing costs. Both are employed in this country, but as yet only 
for special groups of people or for particular types of care, usually hospitalization. 
Plans for insurance are faulty in many respects in that they do not offer com¬ 
prehensive medical care, provide for no prevention or control of disease, are not 
really plans for medical service but for financing general hospitalization and 
surgery. Because of variations in the types of services offered by the 219 plans 
for prepaid hospitalization in this country, it is impossible to compute any 
arithmetic totals of service furnished by them. 

The year 1945 was revolutionary inasmuch as it witnessed the publication of 
two books which bared the shortcomings of public health facilities as provided by 
official and voluntary health agencies. Reference is made to the report of the 
Commonwealth Fund by Haven Emerson, M.D , entitled Local Health Units for 
the Nation,” which reviews the organization and management of tht^ health depart¬ 
ments of each of the 4S states and gives recommendations for improvement in 
service; and the Gunn-Platt report, ‘‘Voluntary Health Agencies—An Intcrjiretive 
Study,” made under the auspices of the National Health Council. This latter 
report is a critical review of the services available through health agencies through¬ 
out the nation which are dependent upon voluntary contributions for survival. 
Both reports arc serving a useful purpose inasmuch as they expose the weaknesses 
of existing health services organized entirely for the benefit of the people, and 
dependent entirely upon the people for support, whether supported through taxation 
or by voluntary contribution. 

The contemporary health services offered in our nation, supply only about 
two-thirds of the population with adequate full-time local health protection, while 
approximately 40 million jx^rsons arc excluded for one reason or another. The 
question which faces all those interested or participating in the provision of public 
health services seems to be -can wc move on into the realm of attaniable possi¬ 
bilities and meet the needs and wishes of the pco]3le to the achievement of still 
higher levels of human health and welfare? 
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UROLOGY 


WILLIAM N. TAYLOR, 

Department of Surgery, The Ohio State Unrveraity 

Advancements in the field of urology have been made (1) the treatment of 
urinary calculi, (2) carcinoma of the bladder, and (3) carcinoma of the prostate. 
The treatment of urinary infection with penicillin and streptomycin has specific 
applications in urology, but they also have many general applications and therefore 
will not be discuss^. There have been many technical improvements in the 
older methods of therapy and d^nosis which are unsuitable for discussion. 

The cause of urinary calculi 1^ been studied from the standpoint of calcium 
metabolism and endocrines. The most specific advancement in the cause of stone 
formation has been made by Albright (1). In a study of 23 cases of hyper^a- 
thyroidism he found 16 patients to harbor renal calculi and three other patients 
had renal leisons dUe to ^cium deposits in the renal tubiiles. Hyper-secretion of 
the parathyroids results in increased calcium and decreased phosphorus in the 
blood. It is an excellent example of what may happen when a kidney has to deal 
with a blood stream which is laden with calcium. Bone diseases and immobiliza¬ 
tion of the patient may result in increased urinary calcium which is derived from 
decalcification of the b^e. The increased excretion of uric acid, oxalates, and the 
presence of cystin in the urine are other examples of h 5 rper-exci^ion of a specific 
salt which may result in stone formation. 

There is a great deal of difference of opinion as to the frequency with which 
hyperparathyroidism occurs as an etiological factor in the formation of renal calculi 
l^is phase of the disease has been stressed by Albright et al. from the Mass. 
General Hospital. From 1930 to 1937 in a study of 36 cases of hyperthyroidism. 
Chute (2) fotmd calculi formation in 83% of them and the disease to be bilateral in 
63%. Braasch (3) at the Mayo Clinic found but two cases of proved hjmer- 
parathyroidism in 1,206 patients suffering from calculus disease. Higgins (4) at 
the Cleveland Qinic found the disease in only one-tenth of one per cent of stone 
patients. 

Regardless of the wide difference of opinion as to the frequency of hyper¬ 
parathyroidism in stone formation, one fact seems to stand out and that is that 
where hypercalcinuria occurs stone formation may result. This is substantiated 
by Flodu (5) who found that 66% of stone cases showed increased urinary calcium 
and in a great number of them none of the causes of excess calcium ^cretion was 
discoverable. 

The above facts have stressed the etiology of certain varieties of stone formation 
due to excess of calcium excretion by the kidney. Advantage of this knowledge 
has been taken in the prevention and treatment of stone formation. It has 1<^ 
been known that the pH of the urine is a factor in the type of stone formation 
which will occur. Thus with a pH of 5 a uric acid stone should form; wheress 
with a pH of 8 calcium carbonate and pho^hatic stones occur. It would seem 
that with a reversal of the pH of the urine, in the examples cited above, it should 
be of aid in the dissolution and prevention of these stones. Within certain limits 
this is true. 

In those caldum and phosphatic stones in which hypercalcimiria plays a part, 
the administration of acidifing drugs and the so-called “acid aril d^" mve been 
shown by Albright and Flocks to (Heat thdr purpose, in that their acbninistrataon 
results in tncreaMd absorption of caldum from the tissues and incr^sed excreta 
of caldum by the kidney. This is especiall]|r so where stone formation is taking 
place in the presence of urea splitting oi^^lams, where it is impoerible to render 
the urine add. These procedures are de^tely contraindicated, because, brmg^ 
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more csdcium to the infection means more rapid stone formation. It is evident 
that the purpose of this type of medication is to decrease the precipitation of 
calcium and phosphatk salts at the kidney level and thereby prevent stone 
formation. 

Shorr (6) . . . believed that the less calcium and phosphates the kidney 
had to dispose of, would also lessen the possibilities of stone formation. He 
lowered the calcium and increased the citric acid content of the urine by the use 
of estrogens. Estrogens increase the excretion of citric acid and the citrates 
combine with ceJcium to form a soluble calcium-citrate complex instead of an 
insoluble calcium phosphate. He diverted the excretion of phosphate from the 
kidney to the intestinal tract by the use of aluminum hydroxide gel. By the use 
of both agencies he was able to prevent the pi^ipitation of the restively insoluble 
electrolytes of calcium and phosphorus, which participate in the formation of 
calcium and phosphate stones, ^is reaction takes place regardless of diet or 
infection of the kidney. 

The doubtful efficacy and limitations of dietary and medicinal agents to dissolve 
or prevent stone formation led Suby and Albright (7) to investigate the effects of 
citric acid sodium citrate solution in the dissolution of stone. They found this 
solution would destroy the mucous membrane of the bladder in a short time, but 
they also found that by the addition of magnesium oxide, they lost none of the 
clissolving properties of the citric acid solution and the irritating effects of it on the 
bladder mucuosa were neutralized. This resulted in a buffered citric acid solution 
which is known as G solution and is particularly efficacious in dissolving loosely 
constructed calcium and phosphatic stones by means of direct application of the 
solution to the stone. 

Another interesting if not so practical application of medicinal agents in the 
dissolution of urini^ incrustations is furnished from the fact that in the waters of 
the Amazon Basin is a little fish (Candiru) which penetrates the urethas of men and 
women bathers particularly if they should pass urine when in the water. The 
great speed of this little fish allows it to enter the urethra and bladder as the urine 
is being expelled. Here it attaches itself to thelnucuosa of the bladder and pro¬ 
duces a very painful lesion. The natives have found that by making a brew of 
the Buitach Apple (Genipa americana) which grows in the Amazon Basin and when 
drunk very hot has the property of dissolving the skeleton of the fish. This has 
resulted in an analysis of the brew and its application for the dissolution of bladder 
incrustations due to calcium salts. A synthetic formula of this brew has been 
competed and used with success by Dr. Lin (8) in cases of encrusted bladder. 
The formula is administered by means of rectal injections. 

In 1941 Huggins (9) advocated bilateral orchidectomy for carcinoma of the 
prostate and later introduced stilbestrol in the treatment of the same condition. 
Both procedures have proved to be immensely valuable and represent progress in 
the treatment of carcinoma. During the last five years urologists have tried to 
determine the efficacy of each procedure. After the diagnosis of carcinoma of the 
'prostate haa been established, the fdlowing questions always arise: (1) When 
^Quld we do orchidectomy; as soon as the disease is diagnosed or should it be 
reserved for patients with marked metastases. pain and other symptoms ? (2) Should 
stilbestrol used first to be followed by orchidectomy late in the disease? 

(3) Sh^d orchiffectomy be performed first followed by the xase of stilbestrol or 

(4) should one method be used to the exclusion of the other? During the last 
five years phymcMm have had enough experience with both procedures to render 
opinions and tteir value. To determine the trend of clinical opinion, Meads (10) 
recently sent out 100 questionnaires to mologists concerning the above questions. 
Out of 78 repUoss, 70 urolog^ists favored orchidectomy. ... Of these 23 
inrisWl the operation should be done early and 47 were convinced that it should 
be p^ermed late, that k, when signs metastases had developed as evidenced 
1^ pain, x-ray findings and rise in serum acid phosphatase. 
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Huggins wrote: *'We still believe that bilateral orchidectomy is considerably 
superior to estrogenic treatment, feeling that the remission is greeter and more 
prolonged. Further, we do not give patients who have had orcWdectomy estogcn 
except occasionally for a short period of relieve hot flashes. Our preference for 
orchidectomy over estrogenic treatment is not one of caprice, I believe, since 
we had the pleasure of introducing both methods of treatment for this disease. We 
proceed with the removal of the testes as soon as the diagnosis has been made, 
except that an occasional patient is encountered with a lesion small enough for 
radical i^erineal prostatectomy. Incidentally, in Chicago this happens once in a 
blue moon.” 

Forty-seven urologists believed that stilbestrol should be administered first and 
bilateral orchidectomy delayed until late in the treatment of carcinoma of the 
prostate. Young believes that if it is a carcinoma entirely confined to the prostate, 
radical operation may cure; if it is too extensive for radical operation, stilbestrol 
in doses of five milligrams daily. When stilbestrol fails, orchidectomy is certainly 
indicated. Braasch (3) says we reserve orchidectomy until metastases and severe 
pain develops. Nesbitt reserves orchidectomy for patients who show evidence of 
an advanced disease. 

Mead's paper shows that about one-third of the urologists perform bilateral 
orchidectomy for carcinoma of the prostate as soon as the diagnosis is made, and 
that two-thirds delay this operation until metastases can be recognized. While this 
paper represents nothing new, it does summarize the trend in application of a 
very valuable procedure in prostate carcinoma. 

A new way to apply x-ray therapy to bladder tumors has been advanced by 
Rose (11). He believes that carcinoma of the bladder of the invasive type is 
suj05dently similar to skin cancer and if direct x-ray exposure could be succes^ully 
applied in the bladder as in the case of skin cancer, we might hope to cure certain 
carcinomas of the bladder by this method. To apply x-ray in this manner he 
opens the bladder widely to expose the ttamor and by means of a sterile lead shield 
the x-ray is applied directly through the wound. He anticipates favorable results 
in about 25% of the cases and believes the procedure is another aid to be considered 
in bladder malignancies and states that his ten years results are very promising. 
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RECENT ADVANCES IN OPHTHALMOLOGY 


CLAUDE S. PERRY, 

Department of Ophthalmology, The Ohio State University 

Prior to the present war, research in the field of plastics was advancing into 
new fields. New varieties of plastics and new uses for them have been found. 
Thus in the field of ophthalmology we have parts of optical and surgical instru¬ 
ments being made of plastic. There is a transparent retractor of pUstic, useful 
in the retinal detachment operation. Sets of prisms used for measuring muscle 
imbalance are available but have the objectional feature of being more easily 
scratched if subjected to hard usage. We have heard much of the prosthesis or 

f lass eye" made of plastic. It is true that a much better prosthesis can be made 
plastic than those we have had before. A mold or pattern can be made of the 
socket, a plastic casting can be made from this mold which will fit that patient 
It is non-breakable and can be repolished when it becomes rough, whereas a 
prosthesis made of glass must be replaced after a few years because it becomes 
discolored and rough. It has long been recognized that even the best fitted prosthesis 
has its limitations. Since it fits by contact under the lids, its motion is limited. 
This is true particularly in the horizontal plane where its movement is limited by 
the bony orbit. The correction of this obvious defect has baffled eye surgeons 
for a long time. At present there are several operations being developed to over¬ 
come this objection. One such operation may be briefly descrited as follows. 
The enucleate eye is replaced by a complete plastic eye, the posterior half of 
which is covered with a tantalium wire mesh. Small tantalium plates are sutured 
to the four recti muscles. These plates are then properly attachecl to the prosthesis. 
Such technique permits complete freedom of motion of the prosthesis. As is 
usually the case certain technical improvements must still be made before this 
operation can replace the older method. Contact lenses are now being made of 
plastic, therefore less dangerous to the wearer thar those made of glass. Coniac't 
lenses of glass are not new, having been originally devised for persons suffering from 
conical cornea. It might be mentioned here that contact lenses have very definite 
indications for their use and in no sense are to be regarded as a substitute for glasses. 

The coating of optical lenses with a substance to eliminate annoying reflections 
is making progress. When first developed it was discovered that the coating could 
be wiped or washed off when cleaning the lens. It is believed that this objection¬ 
able feature is not yet ready for the market in any quantity. 

A simple device was produced to assist in localizing intraocular foreign bodies 
It consisted of a plastic contact lens with four equidistant metalic dots in it 
arranged that these dots were very close to, or in contact with the limbus. Military 
hospitals where the removal of intraocular foreign bodies was being done found 
that the information obtained by this localizer was often very valuable. 

Improvement has been made in the operation for transplantation of the cornea 
More eye surgeons are performing the operation, and as instruments become 
available we can expect this relatively new surgical procedure to become more 
common. An eye bai^ has been established in New York City to which donors 
eyes may be sent. It has been found that the cornea of such eyes sent to the 
eye bai^ are suitable for transplantation 36 to 48 hours after leaving the donor. 
Enucleated eyes with normal coniea should not be wasted. There is a waiting 
list of those who need them. 

Experience gained in the war has givdn us a much better understanding of 
the indications, limitations and use of penicillin. Entailed information is now 
available in current literature. One example may te cited. In Ohio it has halved 
the taxpayers cost for the care of gonorrheal conjunctivitis in the indigent, and 
concurrently visual loss from the same cause has b^n greatly reduced. 
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RECENT ADVANCES IN PEDIATRICS 


WARREN £. WHEELER, M.D., 

Department of Pediatrics, The Ofhio State Univenity 

The time allotted could be qpent entirely in meidly cataloguing the many recent 
advances in Pediatrics. Instep of this, I would prefer to diac^ in some detail 
two of the concepts which have grown to prominence recently which appear to be 
of fundamental importance. 

CONGENITAL ANOMALIES FOLLOWING GERMAN MEASLES IN THE PREGNANT MOTHER 

Until the past few years it has been generally accepted that congenital mal¬ 
formations result from defects in germ plasm existent prior to conception. A very 
signihcant advance in thinking concerning the etiology and prevention of such 
anomalies has followed the demonstration that maternal infection may also play 
a part in their origin. Following an epidemic of German Meades in Australia, 
Gregg (1) noted what seemed to him to a veritable q[)idenuc of babies bom with 
eye and heart anomalies. Further study revealed that most of these particular 
babies had been bom of mothers who had had mbella during their prq^nancy. 
Swan (2), also in Austr^da, soon corroborated these observations and extendi 
them to include pathologic reports of three such infants who died of intercurrent 
infections. At least five American authors have also found dmilar cases in their 
experience (3). To the present, these workers have reported 145 instances of 
various congenital anomalies in mothers with a history of rubella during pregnancy. 
In 77 of these, the anomalies were multiple. Mental deficiency was seen in ^ 
cases, cataracts in 112 cases, heart malfcumations in 83 cases, microphthalmos 
in 13 cases, and deaf mutism in 12 cases. It seems inconceivable that such a 
number of malformations should be brought to light in the few mothers that wait 
until pregnant to develop this childhood disease. 

|t is obvious that attention has been called to this relation because of the 
malformations rather than the maternal rubella. However, it is difficult to collect 
acciuute statistics on the total number of mothers who have rubella during preg¬ 
nancy and subsequently compare their offspring with a control series as to the 
incidence of anomalies. There might be considerable doubt concerning the validity 
of the above relationship if it were not for another observation too tmique to tie 
due to coincidence. With the exception of four cases, all the 145 mowers had 
their rubella before the fourth month of pregnaruw. Swan reported observations 
on 49 cases of rubella in all stages of pr^m&ncy of which 25 oocunied before t^ third 
month. Every one of these infants was malformed. Four out of eight infants 
whose mothers had their disease in the third month were malformed, while beyond 
the third month, only two out of sixteen showed defects. This fact has Im to 
spe^lation that the fetal infection which is anumed to occur must affect the fetus 
during a stage of critical development of the eye and heart structures for an 
anomdy to result. 

These results have stimulated several investigatan to explore the possibility 
of other maternal infectious diseases leaving defmxned c^Esprings in their wate. 
This search has so far been rather fruitless tdnoe only two cases have been found in 
which the mother had miunps, and two in which ^ had influgn** , AmMuently 
German Measles is not as innocuous as was once thought. Hiese observaumis and 
similar ones of his own have led Erickson to suggest mandatory abmtkm of any 
mother acquiring the disease in the first trimester of pr^naacy. 

CYSTIC FIBROSIS OF THE FANCBBAS 

Anderson (4), and Blackfan and May (6) independently in 1038 descrftied a 
syndrome in infants resembling celiac disesK in some reqie^ which has come to 
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be known as cystic fibrosis of the pancreas. This is not a particularly rare disease, 
for we see four to six cases a year at Children’s Hospital. Attention was directed 
to the condition by the observation that some children with celiac qmchmnc 
eventually recovered, while others suffered repeated and severe puhnonaiy infec¬ 
tions which were invariably fatal. According to the cono^t devdoped by FaiW, 
the condition is an hereditary one. Sometimes at birth and other times during the 
first year, the secretion of the pancreas becomes so thick and viscid as to effectively 
plug the secretory ducts and stop the flow of pancreatic juice. This deprives 
the bowel of pancreatic enzymes and leads to a fetty dianhea. As the r^ult 
of the plugging of the ducte, the adni became grossly dilated and cystic, and the 
pancreas undergoes fibrosis. This picture of pancreatic involvement is striking 
and constant. However, many othCT glands in the body may also unfergo the 
some alteration in secretory power. The bronchial mucus glands are often involved, 
resulting in the secretion of a substance so thick and tenacious that it cannot be 
effectivdy removed from the bronchial tree. Iitfection with low grade pathogens 
from the phar 3 mx (Staphylococcus atueus usually) then takes place following an 
upper respiratory infection. The pneummiia is characterized by marked emphy¬ 
sema from the air trapped behind the stic^ plugs of mucus. Clinically, these 
patients are usually thought to have whooping cough at first, so violent are their 
attempts to clear their air passages. The salivary glands, lachrymal glands, 
Brunner’s glands, and even the liver have in some cases been the site of the same 
unphysiologically thickened secretion. 

The pancreatic deficiency causes a loss of excess fat and protein in the stool, so 
that these children may be quite malnourished though possessed of an exceptionally 
good appetite. Even more important is the aspect of pulmonary infection which, 
once it becomes established, is with rare exertions fatal in the end. 

The diagnosis is complicated by the irmdiousness of the onset. In most of 
the cases, the true natme of the condition has been first found at autopsy. 
Recently, however, it has been recognized during life by suspecting the condition 
in any infant with so-called whooping cough, or chronic pneumonia, or repeated 
bronchitis whether or not the child also shows Evidence of steatorrhea. Thus, 
clinically, although the disease is still called cystic fibrosis of the pancreas, most 
diagnoses during life are made by attention to the pulmonary s)miptoms. 

The true nature of the condition is established by demonstrating the absence 
of the enzyme trypsin in the pancreatic juke. This is accomplished by sampling 
the contents of the duodenum in the fasting state by means of a Levine tube. 
Dilutions of the duodenal juice are then allowed to act on gelatine. If the gelatine 
is not liq^ed, it is taken as evidence of an absence of trypsin. The procedure is 
more dimcult than it sounds since it is a long and arduous one, especially in a 
child who is dyspnek from his pulmonary involvement. Any contamination of 
the duodenal juice with stomach acid may invalidate the test, and sometimes it is 
practically impossible to enter the duodenum with the Levine tube. 

Recently, West and Wilson have proposed an equally logical test based on the 
observation that these children cannot break down proteins suffidently into their 
ultimate amino acid components. A test meal of casein or gelatine is given after 
a ^ting determination of the blood amino acid content. Thereafter, in the 
manner of a glucose tOleranoe test, serial amino add “levels” are taken. Normally 
t^ fasting wue is dose to 1 mg. %. In the normal infant this rises to 4 or 6 
mg. % utter a meal. In cystic fibrosis of the pancreas, there is no sig- 

imoent rise. 
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SOME RECENT ADVANCES IN PHYSIOLOGICAL CHEMISTRY 

AND NUTRITION 

J. B. BROWN, 

Department of Physiological Chemistry, The Ohio State University 

It is a most difficult task to attempt such a brief review of recent advances in 
physiological chemistry and nutrition. Last year (1945), even after a succession of 
war years, 8,137 abstracts on biochemical subjects appeared in Chemical Abstracts in 
the ^tions on Biochemistry and Foods alone. Also, we have the further evidence 
of the tremendous activity in this field in the appearance each year of the Annual 
Review of Biochemistry, the most recent volume of which (for 1944) comprised 850 
pages. Accordingly, the material presented here will be quite general and will be 
illustrative of intends of development over the past few years rather than an 
attempt to cover any field in detail. 

The Carbohydrates, 

The three most important polysaccharides in nature are cellulose, starch and 
glycogen. The structures of these compounds are similar in that they are made 
up of glucose units bound together between the 1-C of one glucose molecule and 
the 4-C in the next. The view that this 1-4-linkage is the one always elaborated 
by natural synthesis has been contradicted in recent years by the discovery of 
carbohydrates with 1-2-, 1-3-, and 1-6-linkages. Starch is believed to be a 
molecule made up of repeating units, each consisting of from 24 to 30 glucost^ 
molecules (1), and combined by cross linkages to form a molecule of about 200,000 
molecular weight Most natural starches contain at least two components, 
designated as amylose and amylopectin. Thus, com starch (2, 3) contains 10-20 
per cent of amylose of unbranched chains of molecular weight 10,000 to 60,000 and 
80“90 per cent of amylopectin with highly branched chains of 50,000-1,000,000 
molecular weight. The most important polysaccharide in the human body is 
glycogen, the molecule of which is considered to be spherical in shape and to 
which a weight as high as 4,000,000 has been assigned (4). Such a molecule 
would contain nearly 23,000 glucose units. 

The role of phosphoric acid in nearly all of the phases of carbohydrate 
metabolism has now been well established, beginning with the phosphorylation 
of absorption and ending with its various fimctions in the utilization of carbo¬ 
hydrates in the tissues. A most interesting achievement is that of Green and 
Cori (5) who isolated phosphorylase from rabbit muscle. One of the components 
of this enzyme is a crystalline euglobulin of molecular we^ht 400,000. This 
enzyme catalyses the formation of glycogen from glucose- I-PO4, and presumably 
also the breakdown of glycogen. By studies with deuterium labelled compounds 
Stetten and Boxer (6) showed that 69 per cent of liver glycogen (in rats) was turned 
over daily but only 19 per cent of carcass glycogen. Labelled CO* has been shown 
to appear in both liver and heart muscle glycogens (7). The course of inter¬ 
mediary metabolism of carbohydrate, leading to its final oxidation, is still the 
subject of active research and rapidly changing views with practically no final 
answers to the problems raised. In this connection the Krebs tricarboxyllic acid 
cycle is most often mentioned (8). 

The FeUs and Oils and Other Lipids. 

Methods for studying the glyceride structure of the fats and oils and of their 
component fatty acids are being continually improved. It is now possible to 
evaluate the fatty acids of these lipids with a high degree of accuracy, and in many 
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instances to discx)ver new fatty acids, hitherto not believed to be present. Thus, 
a few years ago hexadecenoic acid was a rare compound in fat chemistry. Now, as 
a result of tenement in distillation and other procedures (9) it has been found 
in most animal fats examined, including human fat (10) and human milk fat (11), 
the latter containing 2.(5 per cent of this acid. 

The separation of fatty acid mixtures by low temperature cTystallization from 
organic solvents (12) and the development of spectrophotometric procedures for 
the estimation of unsaturated acids with more than one double bond have proved to 
be important methods of study. Several reports have already noted the occurrence 
of fatty acids with conjugated unsaturation in naturally occurring lipids. The 
significance of these compounds in fat metabolism has not been studied. 

More and more attention is being paid to the lipo-proteins (13). The lipid 
components of these compounds are usually not extractable from tissues without 
being previously diassociated from the proteins by hydrolysis (HCl), by extraction 
with methanol or ethanol, or by such a mild treatment as freezing at —25° (14), 
this last treatment having been shown to release the bound lipids of blood plasma. 

An interesting development in fat metabolism is the view expressed by Frazer 
(15) that glycerides can be absorbed as such. Thus the classic concept of the 
necessity of complete digestion to fatty acids and glycerol preliminary to their 
absorption seems to be seriously questioned. Depancrealized dogs absorb up to 
75 per cent of ingested fat (10). Other developments in fat metabolism have been 
due in no small part to the use of tagged molecules, especially the deuterium, used 
first by Schoenheimer and coworkers (17) Thus, the processes of desaturation 
of fatty acids, of interconversion of one fatty acid with another in the tissues, and 
of new functions of depot fat have been experimentally demonstrated. The 
fat depots seem to be one of the important destinations of dietary fatty acids, even 
when they are fed to a partly starved animal. Depot fat, long considered to be an 
inert storage material, has now assumed the role of a rapidly changing, functioning 
organ. In fact, the half-life periods of the fatty acids of various tissues have been 
actually determined (18, 19). Likewise, we are seeing rapid changes in the theories 
of fat utilization. The classic beta-oxidation theor^ is now scarcely recognizable, 
although it still accounts for a considerable part of the oxidation mechanism. The 
production of ketones is considered to be a normal process, largely resulting from 
recombination of the acetate residues or ‘‘active acetyls” produced by beta- 
oxidation. Incidentally it has been suggested that acctoacetate, or some other 
similar product of fat metabolism, enters the sc'hemc of carbohydrate metabolism 
by conversion to oxaloacetic add which is one of the compounds of the citric acid 
cycle (20). In this sense fat and carbohydrate metabolism merge into each other, 
and the fat does indeed burn in the flame of the carbohydrate, as wc were teaching 
twenty years ago. 

The Proteins, 

Two recent volumes on “Recent Advances m Protein Chemistry ” have reviewed 
pr€tgrcss in this field (13), All crystalline enzymes so far isolated have been found 
to be proteins. In the pituitary gland alone at least six hormones of a protein 
nature have been demonstrated and their properties described. In the later aspects 
of this work the Tiseliuft electrophorometer has been especially useful, as well as in 
extensive work on the patterns of the plasma pro^ins. The plasma proteins 
have been the subject of a most extraordinary series of fractionations by the 
Harvard group, headed by E. J. Cohn (21), From human plasma several simplified 
protein fractions have been prepared, studied, and adapted to specific uses in 
lAedictne. Thus, the gamma^globulins possess an antibody titer approximately 
ten times that of pooled jjlasma and can be used to confer passive immunity against 
measles, infectious hepatitis, and the like. Albumin of over 98 per cent purity is 
available in 25 per cent solution for use against shock and for many other purposes. 
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Incidentally, the albumins and globulins are heterogeneous in ocsnpoution, and 
are usually associated with lipid and with glucosamine,-^hus in fact being conju¬ 
gate proteins. The viruses, which are found in the border zone betwem bactoia 
and non-living protein molecules, have been shown to be nudeoproteins of very 
high molecular weight and to possess the \mique property of reproduction. 

Study of protein metabolism with isotopic has demraistrated the rapid 
interchange between diet^ nitrogen and the nitrogen of the amino acids in the 
protein molecule of the living tissue; this isotope has ^so been employed in studying 
the intermediary metabolism of the individual amino acids. By this method, 
creatine has been shown to be derived from three sources, glycine, arginine and 
methionine, each of these amino acids contributing specific fragments to the 
creatine molecvde. 

Hydrolysates of complete proteins such as casein and lactalbumin are coming 
into use in medicine in the treatment of hypoproteinemia and other disorders; 
some of them are suitable for parenteral administration. According to the newer 
views the plasma proteins are in dynamic equilibrium with the proteins of the 
tissues. Theoretically, at least, the total protein nutrition of an individual can 
be adequately supported by administration of the plasma proteins. 

General Trends in Nutrition. 

The last ten years of research in nutrition have seen the field develop from a 
qualitative to a fairly quantitative science. Most of the better known vitamins 
have been identified chemically, many of them are prepared synthetically so that 
they are very inexpensive, and accurate methods for their quantitative estimation 
have become available. We now have accurate tables of analysis of the several 
vitamins, which suffice for many nutrition stitdies without actual food analyses. 
From such data it has been posable to evaluate quantitatively the diets of po^la- 
tion groups and to compare their dietary habits with the standard requirements. 

In the two or three years before the war our government became nutrition 
conscious as a consequence of many of these population studies, as a result of which 
the Suigeon General came out with the statement that nearly half of the American 
people were living on diets which were deficient in one or more items. The com¬ 
mittee on Poods of the National Research Council was formed, one of its important 
contributions being to set up a list of recommended dietary allowances whi<^ 
have served as standards during the war both for this country and others. This 
has been a powerful influence toward better nutrition throi:®hout the world, 
although the present food shortages are working in the other direction. The 
recommended allowances may be higher than necessary in some instances, as 
subsequent work is now showmg. 

It is true that deficiencies of clinical severity are rare in this cotmtry, but 
there is adequate evidence that pre-clinical inadequacies are relatively common. 
Incidentally the exigencies of war and its concurrent incidence of severe starvation 
of peoples in the occupied nations and in prison and concentration camps have for 
the first time given many of our doctors first hand experiences with the classic 
diseases of nutrition. 

A great deal of important work relative tp the vitamins during the few 
years has been concerned with the further study and isolation of the lesser items of 
the vitamin B-complex, as for example, folic acid, pantothenic add, choline and 
numerous others. The recent finding that fdic add will cause remission of certain 
types of anemia and the importwee cn choline in preventing fatty liver are examples 
of developments in this direction vrbkii have proved to be of use in medkme. 
Most of these newer B-complex vitamins have not as yet been t^lied to human 
nutrition, and undoubtedly research in the future wfil add most mterestie^ 
chapters to the story of this science. 
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RECENT DEVELOPMENTS IN THE FIELD OF HEMATOLOGY. 

CHARLES A. DOAN, M.D.. 

College of Medicine, The Ohio State University 

) 

Progress in both the fundaniental and clinical phases of hematology during 
recent years has been phenomenal. The complexity of bone marrow has been 
greatly simplified, and the myst^, which for so many decades, surrounded the 
spleen has become less enigmatic. Both spleen and marrow bear an intimaU^ 
relationship to each other, and, in turn, to the vital economy of the body as a 
whole. In the detailed knowle^ now available, we have the key to the solution 
of & whole host of human diseases, some hitherto unrecognized, and, therefore, 
unconboUed. Moreover, some of the basic mechanisms are now revealed, whereby 
new syndromes or combinations of disease sjoulromes ma^ be detected early, and 
direct rational measures of control instituted promptly with confidence and with 
Carnatic clinical results. 

The most recent significant clinical applicatton of basic information, accumu- 
la^ from a wide variety of sources through the past ten years of intensive chemical 
and biological investigations, is that involving so-called folic acid, a derivative of 
the vitan^ B complex. There are five designatiems which have been somewhat 
indiscrimmately ajmlied to this "group” of compou^: vitamin Be (essential to 
growth and hemogfobinagenesia in youn^ chicks), vitamin M (essential to hema¬ 
topoiesis in monkeys), Lactohacillus casei factor (essential to the growth of these 
itmk-flouting bacteria), folic add (derived from the "foliage” ci ^inach), and 
duate factOT (chemical procedure in processing liver, yeast and other natural 
iMuroes). A conjugate of Be has been isolated from y^t, havii^ a more complex 
molecolar struoture 2.8 times that of the simpler Bo obtained originally from 
Uver. Typical vitamin Be may be obtained from the’ "conjugate" on enzyme 
diipgstion. 
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The culminating climax of these fascinating studies came last August (1945) 
with the announcement by Angier and associates of the chemical synthesis of a 
compound, recently revealed as pteroylglutamic acid, and ultraviolet and infra¬ 
red absorption spectra, crystalline structure and biologic aclmty identical with 
L. casei factor isolated in pure form from liver by Stoksted and Manning (1938). 
The importance of this discovery cannot well be overemphasized or overstated. 
The "yield” of this biologically essential molecule from natural sources, such as 
liver, is exceedingly small, 0,1 ounce from one ton of beef liver, so that to have it 
available in relatively unlimited quantities the synthetic chemist has immeasure- 
ably enhanced its effective application both clinically and in further biologic 
exploration 

Studies in this field were begun in this laboratory in 1940, with Drs. Woolpert, 
Henry Wilson, Samuel Saslaw and associates in the Department of Medicine and 
Bacteriology. Rhesus monkeys were used on experimental dietary regimes 
and it was determined that without "folic acid-containing concentrates” a 
gradual pan-marrow hypoplasia developed. Langston and associates had previ¬ 
ously shown that diets of the Goldberger, black-tongue type were inadequate, and 
that liver or yeast contained a common essential for normal hematopoiesis in the 
monkey, "vitamin M." Granulocytopenia occurred in 100 per cent of our dietary 
deficient monkeys, anemia in approximately 50 per cent. Folic acid concentrate 
was found to be invariably effective in relieving the granulocytopenia at once, 
within 24 hours, in our monkeys, and, in those animals showing also anemia, a 
reticulocyte response was elicited followed by red cell and hemoglobin regeneration 
entirely comparable to the anti-anemic response to liver extract. Blood thrombo¬ 
cytes also returned to normal. 

The translation and transferage of the animal results to clinical patients was 
begun in the summer of 1943 in Birmingham, Alabama, in association with Dr 
Tom Spies Patients chronically deficient in many dietary essentials, more par¬ 
ticularly the vitamin B complex, were selected, who showed clinically, frequently 
recurring oral ulc'ers, associated with a leucopenia heniatologically. Folic acid 
was then given under controlled conditions, and both clinical and hematologic 
improvement was noted. Later the synthetic molecule was substituted for the 
natural soun'c with similar results. 

With the availability of larger quantities of synthetic folic acid (pteroylglutamic 
acid) in the early fall of 1945, Spies extended the use of this material to the 
macrocytic anemias in and around Birmingham with spectacular responses. 
Darby and Jones reported from Nashville the response of macrocytic anemia in 
non-tropioal spure, and Moore and associates in St. Louis and our own group 
here, comprising Henry Wilson and Claude Starr Wright, found equally spectax^ular 
results m Addisonian pernicious anemia and the macrocytic anemia of pregnancy. 
Spies then showed that the macrocytic anemia of tropical sprue in Cuba respond 
promptly. Furthermore, it has b<in established that those patients sensitive to 
liver and liver extract may receive folic acid synthetic with impunity and with 
the maintenance of complete clinical and hematolo^c remissions. It remains to 
be proved whether the neurological changes, associated with pernicious anemia 
in many patients, will remain j^rmanently under control with folic acid. 

There is good reason to believe at the present time that pteroylglutamic acid 
is not the active principle in liver nor is it the extrinsic factor of Castle. The exact 
and precise role of this extremely interesting and important molecule in the complex 
chemistry of hematc^iesis remains to be determined, but a new and fascinating 
chapter is being written in fimdamental biological mechanisms and a new and 
potent therapeutic agent has been made available for the relief of a large number of 
human sufferers. 



THE PRESENT STATUS OF ALLERGY IN CLINICAL MEDICINE 

JONATHAN FORMAN, A.B., M.D., F.A.C.A., 

Lecturer on Allergy in The Ohio State University 

Allergy in its various forms has been known for ages, but in recent years it has 
taken on a new importance. A knowledge of its management is even more impor¬ 
tant now that we know so much more about the condition. Moreover, industriali¬ 
zation and the consequent centralization of 85 per cent of our population seems 
to have made all allergic manifestations more prevalent. Our attempts to control 
our climate by means of air conditioning machines arc still crude. They merely 
add to the wide variations in temperature and humidity to which wc are already 
subjected. These variations in our environment pr<x]ured by modern living 
put a great strain upon our autonomic nervous S 5 rstems. As the years go by more 
and more of us develop imbalances of the nervous system which increase our 
disposition to develop allergy. 

I make mention of this important fact because the students of the new school of 
psycho-somatic medicine regard the whole field of Allergy with a possessive eye. 
They point to the fiict that a great percentage of psycho-neurotics arc also allergic. 
To support this conception the age-old story is told over and over again of the 
woman who was allergic to roses and who on one occasion was seized with sneezing 
when a vase of paper roses was brought into the room. We all recognize that our 
mental reactions are the function of our brains. Emotional upst^ts arc likely to 
bring on an allergic attack or to make it more severe than it otherwise would be 
only to the extent that they disturb the physiology of the individual. Stoic 
Indians, cows, and dogs are victims of Allergy just as are psycho-neurotics So it 
would not seem wise to turn the field of Allergy over to Psychosomatic Medicine. 

While Allergy has coitie to be a great joke in the radio world, we in the medical 
world do not take it so lightly. It has been found to be a cause of asthma, hay fever, 
sinus disease, hives, ango-neurotic edema, eczema, dermatitis, migraine headaches, 
('olitis, opileptoform seizures, high blotxi pressure^ and various disorders of the 
heart and other organs. 

The commonest manifestations of Allergy is, of ('ourse, hay fever- properly 
called timothy allergy in its May and June phase and ragwt»ed Allergy in late 
August and early September. 

In reading the modern literature on Allergy oni' is thrown into great confusion. 
The reason for this is that there is a strange misuse of terms. To understand 
clearly even the popular literature on the subject one must realize that there are 
several types of Allergy. In the presence of all available knowledge we should 
recognize the following different types: (1) atopic; (2) non-atopic. Under this 
last wc put: non-reagenic familial Allergy; the Allergy of infection; Allergy to 
chemicals, including contact Allergy; Allergy to scrums; Allergy to physical agents. 

The name atopy (literally a “strange malady”) was given by Coca to the com¬ 
mon Allergy of the ordinary case of hay fever, astlima, hives, and eczema to 
distinguish it from reactions to serums, ivy and primrose poisoning, and the hyper¬ 
sensitive reactions of tissues to the tubercle bacillus. Coca emphasized that it 
was a disease limited to human beings, that it was apparently inherited, and 
finally that it was c^racterized by the presence in the blood and tissues of its 
victims of a spedal kind of antibodies which he called reagins. It was later shown 
that these reagins were transferable to normal individuals. Strangely enough 
what literally thousands of farm people know, namely, that dogs, horses and 
cows can and do suffer from atopic manifestations did not get into medical liter¬ 
ature for a good many years. 

The idea that atopy is inherited along Mendelian lines may be true. The 
familial appearance, on the other hand, may mean only that the genes have been 
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aflected in some way by weather, nutrition, or other environmental factors. At 
any rate the concept of inheritance breeds despair when exhibited in our consulta¬ 
tion rooms. Those among us phjrsicians who are an academic turn ci mind cause 
much needless worry by invoking eugenics. As the late Logan Qendmining tightly 
observed; “Men are not going to embrace eugenics, they are going to emlvaoe the 
first likely trim-figured ^rl with limpid eyes and ^hmg teeth who comes along 
in spite of the fact that her germ plasm is probably reeking with hay fever.” 

It is the third remaining characteristic of atopy named by Coca t^t consti¬ 
tutes the backbone of the modem treatment of AUeigy. This characteristic is the 
presence of antibodies which may be detected by skin testing and which can be 
transfeired in the serum of the patient to the skin of another individual. This 
characteristic is generally recognized now and made use of in the search for the 
cause of the particular ^lergic manifestation under investigation. 

In recent years. Coca has described cases of familial migraine, urticaria, coryza, 
and asthma in which no reagins could be demonstrated And which apparently 
did not fall into the regular types of non-atopic Allergy. In those suffering from 
this disorder Coca has found disturbances of autonomic nervous system in which 
the offending allergens could be detected by the marked increase in pulse rate which 
their presence induced. He reported that severance of the sympathetic nerves 
gives complete and permanent relief. 

Although Coca's concept and its interpretation have not been investigated as 
thoroughly by others as they deserve, they do illustrate that neuroses, organ 
neurosis, and shock are matters of de^;ree, and that the clinical manifestation 
represents Nature’s attempt to prevent the break-down of a personality. 

An Allergy to chemicals accounts for many cases. It consumes a large portion 
of the worl^en’s compensation funds earmarked for occupational diseases. 
Not much has been said in the literature about the possibility of contact other 
than in plant dermatitis and occupational dermatoses, but certainly most allergists 
are familiar with cases of coryza and asthma which have been induced through a 
specific hyper-sensitivencss to oils, fumes and gases. Some years ago I expr^sed 
the opinion that these were due to a contact Allergy—^an opinion which others 
more recently confirmed. Many drugs, especially the oiganic ones, act as allergens. 
For years aspirin has been the worst offender and the most difficult to man^e. 
But now it is being shoved aside by sulfa-drugs and penicillin. The mechanism 
has been quite clearly defined by Landsteiner, who has shown that the chemical 
unites with the serum of the victim to form a conjugate that can then act as a 
protein allergen. Prom this point on, the story of each case is exactly like that 
of serum sictoess. 

The tnost common reaction to penicillin is urticaria. 'This occurs in 5 per cent 
or more individuals who are undergoing systemic treatment. Vesicular eruptions 
occasionally occur and they resemble d^nnatophytids. Penicillin has provoked 
exfoliative dermatitis. 

The allergy of infection is important. Some authorities question its existence. 
'This a^ain is pretty much a matter of terms. The usual definition of Allergy is 
that it is an abnorrnal and harmful response to a substance which is not harmful to 
normal individuals. 'This is a perfectly good definition d atopen, but it cannot be 
made to apply to the hypeisenaitiveness that develops in our bodies toward bacteria 
with which we have had an encounter. In fact, severity of our illness during 
the course of an infection is an eiqne&sion this form ci Alleijnr. Upon tins fact 
depends the use of skin testing for the lecogiutton of tubercoToais am undulant 
fever. There can be no doubt that hypersemativeness or Allergy, if you will, to 
bacteria, is a very real thing. 

'Then there are people umo will develqj all .of the signs and symptoms of one 
of the aUeigic manifestations vdien they are eaipoteA to cold, br heat, or li^t, as 
the case may be. These conditions have been named by Dtdoe as phyeical 
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Compared with them, however, are other members of which heat, light and cold 
only serve as precipitating factors on account of the nervous imbalance. These 
and many other accessory factors predisposing at times to an attack of Allergy 
have at some time been brought forward as the cause of the condition. Among 
such secondary factors are: barometric changes; temperature changes, especially 
cold; light; emotional upsets and worries; fatigue; focal infection; acute and 
chronic infections; constipation, especially with food allergy; deficiency states 
such as malnutrition, hypochlorhj^dria; vitamin deficiencies, and particularly 
thyroid and liver disfunction; and mechanical and chemical irritations, especially 
dust, dirt, gases, fumes, or fogs. 

Skin testing is a convenience when properly performed, and often saves time 
for the patient. It must be remembered that skin tests do not indicate for certain 
that the test substance is or is not the cause of his trouble. They are merely clues, 
the significance of which depends upon the knowledge and skill of the physician 
and above all upon his familiarity with the properties of his own testing material. 
For this reason every allergist wants to do his own skin tests in his own way with 
his own materials. It caxmot therefore be emphasized too strongly that skin tests 
with atopens are only clues to aid and facilitate the search for the real offenders. 
Good medicine can be practiced without them if necessary. 

Like certain other biological phenomena xised in medical diagnosis, skin tests 
require interpretation, because positive reactions may be persisU^d from previous 
allergic disturbances, even in other parts of the body. These reactions—for 
example, pyloric stenosis, infantile ecasema, or cyclic vomiting in children—may 
or may not have been recognized as allergic manifestations at the time of their 
occurrence. The most common of such reactions is a positive reaction to ragweed 
or timothy pollen after one season before the initial onset of hay fever in the next 
season. Finally, at times certain testing materials may be irritating in themselves 
and so give false positive tests on everyone, or they may become irritating if not 
properly kept. Extract of house dust, silk, tobacco and certain foods such ns 
rhubarb and cranberries have to be watched closely in this respect. 

All substances that are suspected should be put* to clinical trial under controlled 
conditions, regardless of the results of the skin tests. Likewise, all positive tests 
must be proved before they are accepted. We see all too many patients who may 
or may not be allergic to certain substances but who think that they are because 
they have been told the skin tests to those substances were positive. Too fre¬ 
quently also we hear that the patient was tested and was allergic to nearly every¬ 
thing. It is the rule to be allergic to one or two inhalants and a food or two and 
possibly a pollen or two but seldom any more. 

Trealfneni,—So far as the relief from the torments of allergy are concerned the 
greatest advance was made when we were given epinephrin for hypodermic injec¬ 
tion. Then came ephedrine with like action but with the advantage that it could 
be given by mouth. In recent years, the sufferer from severe asthma has been 
blessed by the introduction of aminophyllinandmorerecently by its administration 
rectal supporitories, 

I, with certain others, h^an the use of histamine some 16 years ago. We 
found that by frequent injections of carehdly graduated doses of very small amounts 
of histamine we could- obtain relief in hives and certain forms of headache with 
surprising regularity. Then came attempts to tie histamine to some chemical 
so rimt it wcmld be gradually released to the body for the purpose of stimulating 
the body of the allergic to produce enough of the anti-histamine enzyme to destroy 
at once the histamine released by the struggle between the allergen and its anti- 
ixdies. In the meantitne, the isolation of the enzyme, Histaminase, gave great 
promise but failed us when put to clinical trial. Sk) the investigators went back 
to conjugating histamine vrilli various chemicals. The first to be given extensive 
trial was Hepamine—‘-a conjugate with an azoprotein from horse serum. The 



182 


JONATHAN FORMAN, A.B., M.D., F.A,C,A. 


Vol. XLVI 


Committee of Treatment of the American Academy of Allergy issued just yesterday 
its pronouncement that histaminase (Torantil) and Hepamine are of no value in 
the treatment of allergic diseases. Benadryl holds the sta^ at present. 

Benadryl ,—It is supposed that in anaphylactic shock in animals and in the 
allergic phenomena of human beings there is released a histamine-like substance 
whicJi accounts for the clinical signs and symptoms. Various anti-histamine 
substances have been developed, some of them too toxic for general use, but one 
will hear a good deal of a recently developed benzhydryl compound which has 
been termed benadryl. When administered orally in doses of 50 to 100 mg. three 
to five times daily, it is highly efficient in controlling symptoms of acute and 
chronic urticaria and angioneurotic edema, although the relief is pxirely palliative. 
Side effects are not serious: drowsiness, dizziness, drjmess of the mouth and dilated 
pupils may be noted. The drug is given by mouth or by the intravenous or 
intramuscular route. Preliminary investigations indicate that benadryl relieves 
pruritus in certain dermatologic conditions besides urticaria; therefore, extensive 
use of the drug may be anticipated. In my own experience it is a complete dis¬ 
appointment. It only confuses and dela3rs the systematic investigation of hives. 

One other drug needs to be mentioned to be condemned and that is ethylene 
disulphonate. As the Director-General and Editor of The Letters of the Inter¬ 
national Corespondence Club of Allergy, this has caused me no end of trouble. 
Appearing into respectable circles with a shadowy background, ethylene disulpho¬ 
nate was hailed by the daily press and Time magazine as “the one-shot cure” for 
allergy. It had a great run in Australia at 75 dollars an injection. It lived for 
awhile in scientific circles in England. In the United States some half a dozen 
honest men believed that they got good results with it. Careful trial at the 
University of Maryland and at the University of Minnesota have shown that it 
has all of the properties of triple distilled water. This left two questions: Are the 
chemicals whii^ act as reduction enzymes in dilution so great as not to be detectable 
by ordinary chemical analytical methods, and secondly, what does happen when 
you give an intramuscular injection of distilled water? Is any histamineJike 
substance released? These questions appear to me as important, but are being 
used here as a defense to hold the line while many more vials of the one shot cure 
can be foisted upon the American physician anxious to give his allergic patient 
the benefit of the latest thing. 

In conclusion, may I warn you against getting lost in the semantics of allergy. 
Remember that there are seven different kinds. Please be advised that none 
of the new remedies are much good but that the tedious treatment with pollen 
and other protein extracts brings about complete and permanent relief in better 
than 50 per cent of cases and reUef in all but a few, that asthma can be controlled 
and that all forms of hives respond promptly to systematic management and 
investigation. We in allergy are proud of the clinical results that we get for they 
are much better than the average in clinical medicine. 

We look forward with you to the day when the missing factor whose absence 
makes a Don Quixote of the tissues of the allergic so that they go off tilting* at 
windmills will be found but in the meantime there is no reason for the allergic 
to be in any way discouraged. 



RECENT ADVANCES IN NEUROLOGY AND PSYCHIATRY 


DWIGHT M. PALMER, M.D.. 

Chairman, Department of Neurology and Psychiatry, 

The Ohio State University 

The last few years have witnessed notable advances in the fields of Neurology 
and Psychiatry. World War II has served as a vast experimental laboratory 
in these areas. Modem explosives and present day combat conditions resulted 
in a large number of brain injuries, some of which were the “open type'* of head 
injury with exposure and laceration of the brain, but a larger number were of 
the “closed type*' of head injury in which the brain is damaged but not exposed. 
In the field of psychiatry, World War II made it possible to evaluate the psychiatric 
status of between ten and fifteen millions of Americans who were supposedly 
in the prime of life. The amazingly large number of these who were found 
unacceptable for military duty was one of the most alarming pieces of information 
to come out of the war. Those who were taken into military life were subjected 
to the rigors of that abnormal existence, and in the process many thousands broke 
under the strain. It is now well agreed that the major factor in those breakdowns 
was the conditioning of the personality before induction into military service 
rather than the actual war experiences, terrible though they may have been. 

The large number of neuro-surgical cases that were seen in the War has resulted 
in many improvements in technique and management. One of these is the use 
of the substance, fibrin, in neuro-surgery both as a “glue** for severed nerves and in 
the fonn of sheets to cover the brain after it has been exposed by injury or after 
operation. The use of the metal, tantalum, in the repair of nerves and to fill in 
skull defects is becoming well known. The tissues react much less to tantalum 
than to other metals which have been used in the past. 

The op)erative procedure of prefrontal lobotomy has been employed in more 
and more cases in recent years. In this operatiori an attempt is made to free the 
cortex of the frontal lobe of the brain from some of its thalamic connections. 
The functional correlation is a loss of stereotyped emotionally-directed behavior 
and a turning of the patient’s interest away from himself. 

The war resulted in a very large number of cases of the interesting condition 
known as causalgia. This condition was first described at the time of the Civil 
War but comparatively few cases are seen in civilian practice. Caxisalgia follows 
injury to a peripheral nerve, particularly the median nerve, and is marked by burn¬ 
ing pain, increased sweating and the signs of vasoconstriction. Studies have 
shown that this is due to increased sympathetic activity and that it can be relieved 
by blocking or cutting the sympathetic pathway to the involved area. 

The subject of epilepsy is receiving increasing consideration. Much work 
has been done with the electroencephalograph in studying the brain activity 
v^ich determines the convulsive and related phenomena. Several new drugs 
of an anticonvulsant nature have appeared, one of which, Tridione, seems to be 
p^icularly effective in treating the petit mal type of the disease. Petit mal 
Epilepsy is charocterieed by lapses of consciousness which last 5-30 seconds. 
During this interv^ the patient is immobile and out of contact with the world. 
The attack ends suddenly and he goes on about his business. There may be as 
ma^ as one hundred of these attacks a day. 

The disease, anterior poliomyelitis or ipfantile paralysis, has been the subject 
of intensive investigation from many armies. A recent viewpoint which has 
gcuned sujpport in recent months is that infantile paralysis is mally a systemic 
disease wm^ is Quite widi^^pread and that it is only occasionally and in the late 
stages that neural manifestations appear. Thus it is believed that the paralyzed 
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('ascs constitute but a small percentage of the actual patients with this virus disease. 
In the treatment of polio, the use of the dnxg, prostigmin, has been advocated 
but its value is not as well authenticated as an article in a recent issue of the 
Reader's Digest would lead the public to believe. This only serves to emphasize 
that lay magazines are apt to be poor sources of technical information. 

Alcoholism continues to grow as a neuropsychiatric problem but receives 
comparatively little medical attention. Recently a treatment for the breaking 
of the chronic alcoholic habit has been detailed and tested. It is a form of con¬ 
ditioned aversion response in which the reaction is built up in the patient by giving 
him drugs to cause nausea and^vomiting along with his liquor for several, days. 
It should be understood that this treatment is used merely to break a vicious cycle 
and that its use should be followed by intensive psychotherapy. 

Favorable reports continue to appear on the subject of shock therapy for a 
large variety of psychiatric conditions. Insulin shock is still used in many locations 
but the trend is definitely toward electro-shock with many variations in technique 
being introduced. Recently it has been shown that most remissions in the disease 
(x:c*ur shortly after discontinuation of the treatment. During a course of treat¬ 
ment by shock therapy it is important for the doctor to be able to distinguish 
accidental, organic reactions which may occasionally occur. Otherwise the 
reactions may be mistaken for a part of the original illness reaction and the treat¬ 
ment may be unnecessarily prolonged. 

The use of certain drugs to facilitate the investigation of the unconscious field 
of the mind is becoming more widespread. The procedure is called either narco- 
analysis or narcos)mthesis. The dnig permits the patient to talk about material 
that would be intolerable to him in the fully conscious state. For these procedures 
the patient is given a rapidly acting barbiturate drug by intravenous injection 
The drug is given slowly xmtil the patient is in a mild state of narcosis. Sug¬ 
gestion is then given much as in hypnosis, and then additional drug is given until 
the narcosis reaches a level in which the patient recalls his memories freely. As 
the patient comes out of the narcotic state he is given on opportunity to accept 
his unconscious material and s^gestion treatment is used to help him formulate 
a more adequate synthesis of his reactiems. 

The recent war did not produce any new psychiatric entities but the con¬ 
ditions under which it was fought gave a new coloring to the basic picture of 
psychoneurosis. In former wars, particularly in World War I, the common picture 
was that of hysteria. The First World War was characterize by trench warfare 
and by dog-fighting aerial combat on a small scale* World War II was fought 
under tnudi more terrifying conditions—massed aerial attacks against highly 
concentrated air defenses, precision bombii^ with tremendous explosives culmi¬ 
nating in the atomic bomb, huge battleships, numerous submarines, rocket missies 
and flame-throwers. In this type of warfare the pwredominant psychiatric reaction 
was that of anxiety rather than that of hystena. Speaking in ^neral terms, 
anxiety is a deeper ps 5 rchopathological reaction than is hysteria. There is ample 
evidence to indicate that modem warfare has become so threatening to life as to 
be incapacitating to thousands of young Americans, It is not out of place to 
state, that while it is possible that there may be no limit to engineering genius, 
there is reason to think of a limit to which the human mind may be traumatized 
by war. Modem warfare has become so terrorizing as to approach that limit, and 
men’s minds may eventually break down under the abnormally threatening 
environments which they have created. 

It has been said that, '^Those who do not learn History’s mistakes are con¬ 
demned to repeat them.” There is a distinct possibility that if the world does 
not heed the mistakes uncovered by World War il we may never be given another 
opportunity. It is a mistake to attempt the construction of a democratic society 
of adults when those adults were reared in homes where democracy was not 
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practiced. Children must learn to emancipate themselves from their parents 
before they can live without paternalism in government. And they must also learn 
to curb their selfish drives in order that they may live in a cooperative society. 
It is also a mistake for a people to fix their allegiance on purely material things, 
that is to be guided by a purely materialistic philosophy. Material things are 
individual and personal, while non-material, spiritual values • attract group 
allegiances, A country that relies on purely material values is composed of a 
multitude of striving individuals and it will lack the common purpose which comes 
out of a spiritual faith A nation of individuals may well fall before a nation which 
has a mramon goal based on a group idealism. 
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RECENT ADVANCES IN ENDOCRINOLOGY 

RUTH H. ST. JOHN. M.D., 

Department of Medicine, The Ohio State University 


THYKOII) 

In reviewing the matter of endocrine advances dunng the past year or two, it 
seems evident that the disc:overy and subsequent clinical use of Thiourccil is the 
outstanding achievement Since the original use of the drug by Astwood and his 
associates in 1943 (1) much interest has centered the question of what ultimate 
value Thiouracil would have in the treatment of thyroroxicosis. Considerable 
skepticism was expressed in the early stages of its use, (2) and conflicting reports 
of its efficacy have been published during the last few months. Two and a half 
years have now elapsed since the first use of the drug, and in January of this 
year a comprehensive report was published by Robert H, Williams (3) giving 
the effect of prolonged treatment and the toxic reactions observed in 247 patients 
treated in the Harvard Medical School Clinics. Briefly, it apiiears to be estab¬ 
lished that Thiouracil in doses vaiying from .6 gm. to .3 gm daily will produce 
remissions in patients with thyrotoxicosis; that thyroidec:toray is accompanied by 
less thyrotoxic reactions when Thiouracil is used, even though the gland is rendered 
more vascular and friable than with the use of iodides; that combined administra¬ 
tion of Thiouracil and iodides is desirable; and that toxic reactions may be expected 
14 per cent of cases. Toxic reactions are found to be more common with pro¬ 
longed use of the drug and when unnecessarily large doses are used. Most impor¬ 
tant in the long list of toxic manifestations are leucopenia, agranulocytosis, fever, 
and various anaphylactic reactions. It has been suggested that the body capacity 
to bind protein is responsible for the anaphylactic reactions as well for the actual 
therapeutic effect of the drug (4). Work is rapidly going ahead in the perfection 
of new anti-thyroid drugs for which hope of non-toxicity is held—and only time 
vdll tell to what extent these drugs may supersede surgery in the treatment of 
thyrotoxicosis. 

PANCREAS 

Efforts have been centered on improvement of diabetic control by pr^ucing 
insulin preparations which will answer the 24-hour requirement. Protamine-zinc 
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insulin was thought to be the answer to this, but only in mild cases requiring 
less than 40 units daily has it been possible to rely on protamine to prevent hyper¬ 
glycemia during the day, without producing hypoglycemia duri^ the night. 

A mixture of regular or crystalline insulin and protamine-zinc insxilin in the 
ratio of 1 :3 has bSsn quite satisfactory, but is impractical from the standpoint 
of the ease of administration. 

Globin-zinc and histone-zinc preparations have been tried with disappointing 
results. 

In recent months, however, experiments have been m^e using a bi-phasic 
insulin containing twenty-five per cent of the protamine in quickly absorbable 
form, and seventy-five per cent in the present slowly absorbable precipitated form. 
It is uncertain as yet whether or not this form will prove to be stable for marketable 
use (7), (8). 


MALE HYPOGONADISM 

The male climacteric and sterility in the male have received a great deal of 
attention duririg these past months. Carl G. Heller has contributed immensely 
to the understanding of male hypogonadism by his comprehensive classification 
of the various forms of testicular failure (9), His is one of several excellent reviews 
of the problem published in the last two years. There is increasing interest in 
the use of testicrular biopsies as an aid in therapeutic evaluation of problems of 
hypogonadism. Patients having complete hyalinization of seminiferous tubules 
with partial Leydig-cell failtire may be expect^ to respond favorably to treatment 
with androgenic substitution therapy, whereas such patients would be totally 
unresponsive to chorionic or pituitary gonadotropins from the standpoint of 
subjective clinical relief of symptoms. It is to be understood that spermatogenesis 
cannot be attained when complete hyalinization has occurred. 

In patients demonstrating only an early sclerotic change in the seminiferous 
tubules, with partial Leydig-cell failure, there is reason to hope that spermatogenesis 
may be stimulated by the xise of chorionic gonadotropins. The duration and 
expense of both androgenic and gonadotropic tiierapy are of sufficient importance 
to justify the wider use of testicular biopsies as an aid in therapeutic prognosis. 

Since mumps orchitis is of such significance as a cause of sterility and of early 
climacteric changes, interesting work is being done regarding its prevention. 
Gamma globulin from mumps convalescent serum is proving effective in some 
cases (10). 


ADRENAL 

Of practical importance from a diagnostic standpoint arc the favorable reports 
concerning the reliability of the Kepler test in Addison’s disease (11). Further 
studies have been made to determine the cause of faulty diuresis and the electrolyte 
changes which are the basis for the test (12), in the hope that the diagnostic measures 
may be further improved. 

It is highly desirable to be able to discard a test such as the original Wilder test 
involving salt deprivation which was attended by dangerous reactions. 

STEROIDS 

The literature in recent months has been laden with reports of the painstaking 
efforts to isolate and differentiate the various andrcgenic steroids excreted in the 
i^e (13), (14). It is thought that increasing simplScation of methods of extrac¬ 
tion and increasing knowledge of the source of the various fractions will prove to be 
extremely valuable in the diagnosis of adrenal and gonadal pathology. Abnor¬ 
malities in which dependence for diagnosis is placed on the 17-ketosteroids, include 
adrenal deficiency in male and females, hirsutism, virilism, amenorrhea, 'and 
obesity in females, precocious puberty in males and females, adrenal cortical 
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tumor, gonadal tumors, and cancer in areas not associated with an endocrine 
gland. 

Pregnandiol excretion in the urine during prolonged amenorrhea is being urged 
as a rapid, simple test for pregnancy (15). This method of testing was advocated 
as early as 1931, but has not come into wide use due to difficulties encountered in 
laboratory techniques. It is not yet certain whether or not the method is suffi¬ 
ciently accurate to justify its use. 


PITUITARY 

Continued efforts are being made to isolate and purify the various anterior 
pituitary hormones, but outstanding progress has not yet been achieved. 


FEMALE HYPOGONADISM 

Menstrual disorders, and sterility are still the outstanding problems in this 
field. In the last two years, there has been a better understanding of the impor¬ 
tance of cyclic therapy in secondary amenorrhea and cases of sustained follicle 
hyperplasia. The uses of testosterone and progesterone are better understood— 
and there is a gradual and fortunate trend away from the indiscriminate use of 
estrogens. 

Improved pituitary gonadotropins will eventually fill a great need for physio¬ 
logical ovarin stimulation. 

Vaginal smears, stamed by specific dyes, are now being widely used as a means 
of differentiating the various degrees of epithelial cell growth in response to estrogen 
hormone elaboration. This procedure has provided a practical and simple diagnosis 
test which may be used in an office. 
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DERMATOLOGY AND SYPHILOLOGY 

BLDRED B. HBISEL, 

Department of Medicine, The Ohio State University 

With the advent of the war in the South Pacific, medication for the prevention 
and cure of malaria was given to lar^ numbers ^ men. During the past two 
years, atabrine (Quinacrine Hydrochloride) has been the drug most commonly used. 

Siilzberger reviewed the literaiture concerning a peculiar lichenoid eruption 
which occtuTcd in individuals in the armed forces who were receiving atabrine. 
The eruption began from a few days to several months after the patients began 
taking the medication. It was common for the eruption to begin with eczematoid 
changes on the extremities, face and neck, and in some cases it began as a gen¬ 
eralized exfoliative erythroderma. Usually after the type of onset, lichen 
planus-like lesions appeared. These varied from tjrpical, angular, violaceous 
papules to large hypertrophic lichen planus-like plaques, whidi later oftoi showed 
atrophy, pigmentation or depigmentation. Some cases had leukoplakia-like lesions 
on the buccal mucosa and others had scalp lesions which at times caused permanent 
alopecia. At the Naval Medical Center in Bethesda, Maryland, atabrine was 
administered to a group of these patients with quiescent lesions, causing a high 
percentage of focal flareups of the eruption, and in some cases widespread 
eczematoid and exfoliating reactions. It is felt that there is little doubt that this 
peculiar lichenoid dermatitis is a drug eruption due to atabrine. 

There are increasing reports of dermatitis due to the use of penicillin. Binkley 
and Brockmale report^ a case of epidermal and dermal sensitivity to sodium 
jjenicillin, as proven by patch, scratch and intradermal tests. TTiey reported 
another case who developed a dermatitis about six weeks after first expostue to 
penicillin but in whom the patch and scratch tests were negative. However, in this 
patient when penicillin was injected intramuscularly, there was edema and a 
confluent papular eruption involving the hands and feet. The skin of the feet had 
never been previously exposed to penicillin but had been the site of a chronic 
dermatophytosis. Other cases of a dermatitis developing at the site of previous 
fungous infections have been reported, and Sulzberger suspects that this loc^ization 
may be due to a common allergenic fraction in the fu^ found on the ^n and in 
penicillium notatum. Cormia reported a serum sickness-like sjmdrome with 
generalized urticaria, mild arthral^, and l^phadenopathy. This is now known 
to be a common reaction to penicillin. Miliaria-like and erythrema nodosum-liloe 
eruptions have also been reported. 

About five years ago, there began on the East Coast of the United States an 
epidemic of ring worm of the scalp involving boys and girls of prepuberty. This 
has gradually spread to the Midwest and within the past eighteen months has 
assumed epi^mic proportions in the State of Ohio. There are two organisms 
which commonly cause ring worm of the scalp: Uicrosporon amdoumni axia Micro- 
sporon lanosutn. These two organisms differ in that infections due to Microsporon 
lanosum commonly cause a severe inflammatory reaction and can be cured with 
ease by local medication; whereas those due to Microsporon audounini show almost 
no inflammatory remonse and are most renstant to any local therapy. In this 
epidemic, the first of its kind in the United States, the offending agent has been 
Microsporon andonini. The Wood’s light, which ia ultraviolet lig^t filtered tiirough 
cobalt glass, causes infected hairs to shine with a bright green flourescence, and is an 
indispensable diagnostic tool. At the present time, the treatment ^ich is accepted 
and efficacious in these cases, is temporary ^ularion by tob&oo cd x-ray. 

Urbach recently described a syndrome usually .presenting a dinical picture of 
fumuculosis, sweat gland abscesses, eczema and pruritis, in which there was a. 
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normal blood sugar curve but microchemical examination of the skin itself showed 
the sugar content to be higher than normal. A low carbohydrate diet sometimes 
combined mth insulin, caused marked improvement in the dermatoses. 

Kaposi in 1897 described a varicella-lUce eruption which occurred in infants 
as a complication of eczema. Some authors have stated that this entity is the 
same as eczema vaccinatum. In December, 1944, Lane and Hcrold described 
five patients with this type of eruption, only one Of whom could possibly have been 
infected with the vaccinia virus. In February, 1945, Lynch described a group of 
four cases with a herpetic eruption complicating atopic eczema. In three cases, 
he showed presumptive evidence that the herpes simplex virus was the causative 
aeent and in one case, laboratory studies permitted the conclusion that the virus 
of herpes simplex caused the eruption. He suggested the name *‘eczema her- 
peticum." Blattner, et al., report^ a case of a boy, age fifteen months, who had 
had atopic eczema since the age of six weeks, had never been vaccinated 
against smallpox, and who develop^ fever and an acute exanthema of the herpetic' 
type. By animal experimentation, histo-pathologic and immunologic studies, they 
established the causative agent to be the herpes simplex virus. There seems 
to be little doubt that the herpes virus has been proven to be the causative agent 
of a varicella-like eruption, complicating atopic dermatitis. 

vStryker and Halbeisen described a group of cases with cutaneous lesions con¬ 
sisting of a patchy or diffuse, scaly erythroderm involving the sides of the neck 
and anterior shoulders. These patients also exhibited a few signs of a mild vitamin 
deficiency, although all declared their diets to be adequate. Blood studies revealed 
a macrocytic anemia. Crude liver injections caused a disappearance of the 
eruption and a return to normal of the blood picture These studies may throw 
light on some of the bizarre eruptions appearing around the shoulder girdle which 
('ommonly have been called neuro dermatitis. 

In dermatologic therapy, a few new, useful agents have been introduced. 
Penicillin has been most promising in the treatment of the pyodermas. As in 
other fields of medicine, it has b^n tried indiscriminately in the treatment of 
dermatologic entities in which therapy has l^n unsAfcisfactory. It is not efficacious 
in pemphigus vulgaris, dermatitis herpetiformis, eczema, seborrheic dermatitis, 
acne vulgaris and the chronic dermatoses involving the hands. 

Two new fatty acids, namely, propionic acid and undecylenic acid, have been 
introduced and widely used as a treatment for superficial fungus infections. 

Eddy and his workers at the U. S. Bxireau of Entomology, have developed 
formulas containing benzyl benzoate, pyrethrins, undecylenic acid, 2-4 dinitro 
anisole and DDT, in the treatment and control of head lice, crab lice and scabies. 
TTiey have been largely responsible for the excellent control of these conditions in 
the armed forcses. 

The combination of Vitamin B complex and hydrochloric acid has been reported 
by at least three workers, to be helpful in the treatment of vitiligo. 

Two new preparations, pyribenzamine (Ciba) and benadryl (Parke, Davis), 
appear to be usefial drugs in the control of reactions caused by histamine. They 
aie especially promising in the treatment of urticaria and although they are non¬ 
specific as far as the allergens producing the urticaria are concerned, they appear 
to be specific as far a^^the mechanism by which some of these allergens produce 
the disease. 

Peters, after studying the chemical content of the foliated skin from patients 
with exfoliative dermatitis, treated them with c)rstme with good results. He 
suggested that in an attempt to restore the (^ithelium, the body had depleted its 
ttdw containing amino aetds. 

Cannon ratted successful results in five cases of acute disseminated lupus 
erythematosus by the oral administration of iodine. He tried the treatment 
whm be noted improvement in a case of acute disseminated lupus erythematosus 
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who had been given a dye containing iodine preceding roentgenograms of the 
gall bladder. 

The most important advance in the field of syphilology is treatment 
with penicillin which ap^ars to be most valuable in the treatment of early S3rphilis. 
The tr^nd in treatment is to use a combination of penicillin and the heavy metals. 
Eagle, et al., have shown penicillin and Mapharsen to be synergistic in the treat¬ 
ment of experimental syphilis. Platou, et al., treated sixty-nine infants with early 
congenital syphilis and reported the immediate response to be encouraging. Rose, 
et al., gave a preliminary report on seventy cases of central nervous system syphilis 
treated with penicillin. The greatest improvement was in patients with general 
paresis. Dolkart and Schwemlein found it necessary to discontinue penicillin in 
the treatment of two cases of cardio-vascular syphilis because of the development 
of severe anginal pain. In general, it may be said that penicillin is a useful agent 
in the treatment of syphilis, but that no long term evaluation can be made as yet. 

The incubation period of syphilis is considerably longer than that of gonorrhea 
and the effective dose of penicillin for syphilis is much larger than for gonorrhea. 
The small doses of penicillin which are successful in the treatment of gonorrhea 
may in a concomitant case of syphilis temporarily suppress the primary, secondary 
and serologic manifestations of early sp^hilis. This makes it mandatory that all 
cases of gonorrhea treated with penicillin be followed serologically for six months to 
one year, rather than three months as has been previously recommended. 

Some important work has been done on the serologic verification tests. Rein 
and Elsberg examined six verification tests to determine their value. They found 
none of these methods to be of value in distinguishing consistently between true 
positive (syphilitic) and false positive or non-syphilitic reactions. It was their 
feeling that present verification tests are of no value in the sero diagnosis of syphilis. 
Scott, et al., in another study came to the same conclusion. 
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RECENT ADVANCES IN ANATOMY 

R. A. KNOUFF, 

Department of Anatomy, The Ohio State University 

In this brief survey only those topics which appear to be of special interest 
to members of this section have been selected for discussion. 

The number of human embryos of the first two Weeks of development recovered 
by American embryologists has been almost doubled diuing the last six years. 
This is a remarkable achievement when it is realized that it was accomplished 
largely by the joint efforts of two men—Hertig and Rock, of the Staff of the Free 
Hospital for Women at Brookline, Massachusetts. Prior to their discoveries 
our knowledge of early human development was based on hardly more than a 
dozen embryos scatter^ widely among the laboratories of Europe and America. 

Obviously the phenomenal success of these searchers for htunan specimens 
seldom or never seen, was not a matter of mere chance. They undertook a 
systematic and organi^ search for human ova in uteri of patients of high fertility 
who were willing to cooperate by keeping, while awaiting hysterectomy, a careful 
record of menstruation and coitus dates. These records enabled them to determine 
the likelihood of the presence of a conceptus and to judge more accurately the age 
if one were found. 

In 1942, they announced the recovery of two normal human ova of 7)^ and 
days of age respectively, which represented at the time the youngest human 
embryos ever observed". The younger embryo was in the process of implantation, 
the older one had just completed this process. Last month at the annual meeting 
of the Association of Anatomists at Cleveland, they reported the finding of a young 
human blastula free in the cavity of a uterus in the twenty-first day of the cycle, 
■nie probable fertile coitus occurred 4H days previously. This conceptus is judged 
to be 4 days old. It consists of nine blastome^ of varying size and shape. Since 
some of the blastomeres are multinucleated, it is concluded that the specimen is 
abnormal, hence the 7H day old embryo still remains as the youngest known 
normal human embryo, 
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A study of twelve very young embryos of their collection has been reported in 
some detail. Of this number seven were normal and five abnonnal» the latter 
being so pathological as to indicate early abortion. It is interesting to note that 
all the normal embryos were implanted on the posterior wall, and all the abnormal 
on the anterior wall. 

They conclude, 1) that nidation takes place between the fifth and eighth day 
following fertilization, 2) that the post-ovulatory phase of the menstrual cycle is 
less variable in duration than the pre-ovulatory phase, 3) that ovulation regularly 
occurs 14 days prior to the onset of menstruation, thus a women with a menstrual 
history varying from 25 to 30 days^has an ovulatory period ranging from the 11th 
to 161h day of the cycle 

The recent literature clearly shows a trend in anatomical investigations away 
from strictly morphological studies toward histo-ph 5 rsiological and histo-chemical 
problems. The aims of histophysiology are to interpret structure in terms of 
function and to provide a structural basis for understanding functional processes. 
In histochemistry the objective is the localization and identification of chemical 
substances in respect to the structural organization of the tissue elements. 

Obviously histophysiological studies reqtiire the use of both histological and 
physiological methods. The usual procedure is to study the morphological changes 
associate with varying states of functional activity. Modem endocrinology owes 
mu("h to this type of investigation. Of the very recent histoph 3 ^iological con¬ 
tributions one only has been selected for discussion. 

Dougherty and White, 1946, demonstrated that the adrenal cortex exerts a 
controlling influence over the number of lymphocytes in lymphatic tissue and in 
the circulating blood. Adrenalectomy in animals produces lymphoid hyperplasia 
and lymphoc^osis whereas the injections of adrenotropic hormone or adrenal 
extracts produce lymphopenia in lymphatic tissue, lymphocyte degeneration and 
an increase in plasma cells. It has been shown also that augmentation of the 
normal quantity of circulating adrenal cortical secretion produces a significant 
increase in serum globulin and in circulating antibodies, which suggests that 
disintegrating lymphocjrtes are sources of these substances. 

Histologists have long been interested in the localization and identification of 
chemical substances in cells and tissues. They have been over-zeajous many 
times in interpreting their staining reactions on a chemical basis. Of the many 
methods that have been proposed in the past but a very few, such as the Sudan 
staining for lipids, the Prussian blue reaction for iron, and the nucleal reaction 
for chromatin have been accepted with certain limitations as trustworthy. 

In the last two decades, particularly the last, investigators with experience in 
lx>th histology and chemistry have reported many new histochemical methods. 
The procedures are diverse but all depend on the physical and chemical properties 
of the tissue constituents. 

Differences in solubflity and in rate of sedimentation on centrifugation have 
been employed to separate and isolate various cellular components for chemical 
analysis. The amazing feat of separating intact mitochondria from liver cells was 
accomplished by Bensley and Hoerr in 1934, submicroscopic particulates by 
Claude in 1938, glycogen particles by Lazarow in 1942, intact nuclei by Dounce in 
1943 and nuclear chromatin in pure state by Claude and Potter and by Mirskey 
and Pollister in 1943. Methods and results are discussed in Voltune X of Biological 
Symposia. 

Analytical chemical analyses of the isolated mitochondria and submicroscopic 
particulates show that both are complexes of proteins, nudeo-proteins and lipids, 
the mitochondria containing more protein and less than the particulates of 
Claude. 

Identification of substances in situ in microscopic sections, either fresh or fixed, 
has been accomplished by various means; behavior in polariz^ light, fluorescence. 
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microinoineratjon, ultra violet absorption and by highly speoific and sensitive 
chemical reactions, the last mentioned has the advantage of superimposing a 
chemical picture on a morphological picture. An evaluation of these methods was 
published by Lison in 1936. 

More recently introduced techniques that are now being extensively studied and 
applied are discussed in a recent review of histochemistry by Dempsey and Wis- 
locki, 1946. It has been found that treatment of sections with the enzyme 
ribonuclease destroys the characteristic basophilic staining reactions of the Nissl 
granules in nerve cells, of the cj^toplasmic granules of the basophiles of the anterior 
pituitary, of the cytoplasm of serous secreting glands, and of the trophoblast of 
the placenta. Thus, it appears that all those substances in cells which lose their 
characteristic basophilic staining reaction after digestion with ribonuclease rep¬ 
resent or at least contain the rihose type of nucleo-protein. 

It has also been demonstrated that the adrenal cortex, ovarian follicle, corpus 
luteum and trophoblast cells of the fetal placenta contain a lipid soluble substance 
that will convert phenylhydrazene when applied to sections to yellow phenyl- 
hydrazones. This is a well known test to ^dehydes and ketones, but since this 
substance is lipid soluble and since it is present in the organs which are known to 
produce the keto-steroid hormones, it is concluded that this test demonstrates the 
presence of such substances in tissue sections. 

The localization of the alkaline and acid phosphatases can now be visualized in 
microscopic sections. Since the phosphata^ are believed to participate in the 
metabolism of phospho-lipids and sugars and in the absorption of sugars and fats 
through cellular membranes, the visualization of the precise location of these* 
enzymes affords a valuable histological method for the study of cellular functions 
A number of papers dealing with this subject has just been published. It seems 
that the enzymes are accumulated between the blood stream and the site of deposi¬ 
tion of glycogen. They are present in the distal part of the absorbing cells of the 
small intestine. The prostate gland contains only acid phosphatases. Acid 
phosphatases accumulate in the sync 3 rtiura of placeptas near term, whereas alkaline 
phosphatases are present throughout gestation. * 

The interest of histologists in histoph 5 rsiological and histochemical studies has 
prompted Demp^wy and Wislocki to propose the term physiological histochemistry 
for this new discipline which correlates morphology, chemistry and physiology. 
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SOME ADVANCES IN THE CONTROL OF TOOTH DECAY 

PAUL C. KITCHIN, 

College of Dentistry! The Ohio State University 

Among civilized peoples today decay of the teeth is one of the most prevalent of 
disease conditions, affecting 85-W per cent of all such individuals. It is distinctly 
a disease of civilization as attested by the fact that primitive populations show 
an incidence as low as per oertt. Its progressive increase has paralleled that 
of the increased use of refined food, especially the carbohydrates. Despite the 
fact that reference to tooth decay has occurred among the writings of sil people 
and in all times, some of the earliest scientific experiments and observations were 
made by Dr. W. D. Miller (1) about 1880. He isolated 22 bacterial forms from the 
mouth and decayed teeth and demonstrated that 16 had the ability to form acids 
when mixed with carbohydrates. He subjected extracted teeth to such mixtures 
and produced lesions comparable to those occurring in the mouth imder natural 
conditions. The fundamental observations of Miller which related the oral acid 
forming bacteria and carbohydrate food material to tooth decay have never been 
succesrfully contradicted and are today a working basis for any method of control. 
After Miller^s death (1907) little of real value was added to the knowledge of tooth 
decay until 1923. Starting then and working continuously for several years a 
group consisting of dentists, bacteriologists, nutritionists and physiological chemists 
began an intensive study of the saliva and blood of decay susceptible and decay 
resistant children, using orphanage populations. As a result they were unable 
to demonstrate any consistent significant group differences in the chemical nature 
of the blood or saliva (2, 3). However, in a bacteriologic survey (4, 6, 6, 7, 8) of 
decay free and decay susceptible individuals they found L. acidophilus con¬ 
sistently present in large numbers where tooth decay was active. This bacterium 
was ab^nt, or only sporadically present in small numbers, where tooth decay 
was inactive. This relation has been substantiated by others (9, 10) and the 
relatively few contrary findings (11) are minimized by the fact that similar bao- 
tcriologic methods were not employed. 

It has been adequately demonstrated that there is a direct relationship between 
the occurrence of i, acidophilus in the saliva and the activity of tooth decay, and 
that the quantitative estimation of salivary L. acidophilus is a relatively accurate 
index of the degree of such activity. That there are other acid forming bacteria 
involved is understood. The L. acidophilus count is used only as an index of the 
total acidogenic process. 

There is definite evidence (12, 13, 14) of the effect of the ingestion of sugar on 
the activity of oral acidogens. Their activity and the resultant tooth decay are 
directly related to the amount of refined sugars in the diet of susceptible individuals. 
About 85 per cent of us are susceptible, about 5 per cent never have tooth decay, 
regardless of sugar int^, while about 10 per cent are so susceptible that refin^ 
starch continues to be a factor in their tooth decay when all refined sugars are 
withdrawn from the diet. 

This is the now generally accepted status of the factors involved in tooth decay. 
The picture is incomplete, mostly in the area of true immunity which seems to 
have no relation to dietary factors. In these cases there is no acidogenic oral flora 
and attempts to grow L acidophilus in either the saliva or the blocd of such indi¬ 
viduals have fail^ (15), There is some evidence (21) that this may be due to an 
ability to convert certain amino acids into ammonia nitrogen which acts as a 
deterrent to the growth of acid forming bacteria in the mouth. 

Since 1939, the beneficial results of small amounts of fluorides naturally present 
in water supplies has been proved. Teeth of children -which have developed 
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during the period of consumption of such water have shown a markedly lowered 
caries rate (16). Such teeth contain a greater amount of fluorides (17) and calcium 
salts ^ known to become less acid soluble through the addition of fluorine. 

Within the past few years it has been reliaWy reported that the use ofcar- 
canimide (18) in dentifrices and mouth washes, synthetic vitamin K (19) in chewing 
gum, ammonia mouth washes, reported topical applications of scxiiimi fluoride 
solutions on the cleaned surfaces of the teeth of children (24, 25, 27, 28) and the 
temporary elimination of refined carbohydrates from the diet (29) have each reduced 
the rate of tooth decay. 

All these methods are based on possibilities of control which are compatible 
with what is now known about tooth decay, to wit, that it is initially a localized 
decalcification of hard tooth tissue by acid formed by oral bacteria acting on 
carbohydrate food material. These possibilities are: 

1. Decreasing the intake of foods from which oral bacteria can form acids. 
This is the dietetic control and is being used for individual cases. 

2. Direct inhibition of the growth of oral acid producing bacteria This can 
be accomplished by the use of synthetic detergents (wetting agents), urea and 
ammonia. 

3. Interference with the chain of reactions necessary to produce acids, such 
as occurs in the presence of synthetic vitamin K (quinone). 

4. Reducing the solubility of the calcified tooth tissues in acids such as occurs 
in teeth developed on natural fluoride waters and such as may be the result of 
fluoride solutions topically applied to the enamel of children's teeth. 

Of the above, the direct inhibition of bacterial growth and the interference with 
acid formation can be accomplished only for a very short time and to produce 
results they must be carried out immediately after any carbohydrate, especially 
refined sugar, has been eaten. Attempts to control tooth decay by such means 
are still very much in the experimental stage and more data will be necessary before 
their usefulness can be accurately evaluated. 

Diet control will produce re^ts and is being used rather widely. Its chief 
limitations are that it is an individual treatment and that patient cooperation 
is absolutely necessary. A period of six weeks divided into three two-week periods 
is used. The first period eliminates all free sugar and reduces other carbohydrates 
to 80-100 grams per day. If strictly followed it will reduce a high L. acidophilus 
count to zero in most cases. The second period introduces an increased amount 
of carbohydrate (not refined sugar) and the third period allows as much sugar or 
sugar sweetened food as desir^ at one meal per day. Salivary L, acidophilus 
counts at the end of each period show little or no increase, provided the prescribed 
diet has been followed. Following the dietary treatment, patients are checked at 
six-month intervals for two years. It is not unusual to find the L. acidophilus 
count still quite low at the end of this period. The length of the beneficial effect 
is proportional to the patient’s ability to limit his sugar intake to reasonable 
amounts, following the restricted diet period. 

Repeated topical applications of sodium fluoride solution to the cleaned surface 
of children's teeth is a practical procedure and will reduce the future occurrence 
of tooth decay by about one-third. This also has the limitation of being an indi¬ 
vidual method of treatment and is thus restricted in its application. It is practical 
and requires only that the patient report for treatment. 

The fluozination of commimal water supplies now deficient in natural fluorides 
(less than 1.0 P.P.MO offers the best possibilities of wholesale reduction of tooth 
decay. In order to determine whether or not artificially fluorinated water can 
accomplish the same results as have been proven for naturally fluorinated waters, 
large scale controlled estperiments are now under way (22, 23), The results will 
not be known for 8-10 years since they can only be judged on the basis of the decay 
which will occur in the teeth now being devdoped by children on such a water 
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supply. If succx*ssfvil, this will offer a public health measure of tooth decay control 
which can be applied to all children raised on communal water supplies. This 
would reach about two-thirds of our child population. If it is as effective as 
natural fluorides it will effect a reduction of tooth decay in children to about one- 
half of its present rate. 

Iti summary, we are now in possession of considerable information, the applica¬ 
tion of which could markedly reduce tooth decay if it could be easily and generally 
employed. There is no proof that tooth decay is related to dietary deficiencies 
but there is a great deal of proof that it is related to the excessive consumption of 
refined carbohydrates, especially^gar. 

Sugar rationing and liireats of sugar shortages arc amusing. From the stand¬ 
point of tooth decay the complete elimination of all refined sugar from the diet 
would be a godsend to the present generation of children. Neither would it do 
harm to the waistline and tew remaining teeth of their elders who still persist 
in the erroneous belief that candy is essential to child development and 
happiness. 

While the proper use of fluorides will reduce tooth decay their role is palliative. 
Specifically fluorine acts to slow down the destructive effect of localized acid 
production. This acid would never have been generated in the absence of acid 
forming oral bacteria nourished by refined carbohydrates from food. 
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SOME APPLICATIONS OF ATOMIC ENERGY TO 
DIAGNOSIS AND THERAPY 

WM. G. MYERS. Ph.D., M.D., 

Julius F. Stone Fellow in Medical (Bio-Physical) Research, 

The Ohio State University 

Applications of atomic energy, used here synonymously with nuclear energy, 
for therapy began when radium was first used for treatment, since the rays emitt^ 
by radium and its disintegration products are manifestations of nuclear atomic 
energy. In 1932 Professor Ernest Lawrence invented the cyclotron and since 
then radioactive species of almost all of the elements have been generated in it. 
Many of the artificial radioactive species of those elements which make up our 
bodies disintegrate too rapidly to be useful to us in medicine. But some of them 
produced by bombardment in a cyclotron, and recently by fission of certain heavy 
atomic nuclei, last sufficiently long that they can be utilized by physicians, A 
few of the applications to diagnosis and therapy thus far explored are briefly 
summarized in the following discussion. 

The extreme sensitiveness of appropriate detecting devices for the emitted rays 
makes it possible to measure accurately the (‘oncentrations of the elements in 
dilutions often as great as a billion or more times beyond former methods, and 
studies are thus possible with elements normally present in the body in minute 
amounts without disturbing existing physiological equilibria. 

Radio-Iron .—During the war radioactive red blood cells were obtained (1) in 
which the hemoglobin molecules had become “tagged’^ with radioactive iron 
injected into volunteer donors. Determinations by ph3rsical methods of the time 
that the radioactive cells remained in the circulating blood of volunteer recipients 
after treating the donor blood with various adjuncts made it easy to determine 
the best preservative for addition to the whole blof)d collected on the coasts of 
the United States and flown to the battle fronts. 

Last year a British worker (2) used such ‘‘tagged’* erythrocytes to circumvent 
the difficulties fonnerly encountered in determining blood volume, and found 
the value to be 73.5 cc. per kilogram of body weight in normal subjects. Com¬ 
pensated heart cases had blood volumes in close agreement with normal, but in a 
case of heart failure, there was a considerable increase in both the amount of 
blood corpuscles and the circulating blood volume. In another case of heart 
failure treatment resulting in compensation was associated with a 28 per cent 
decrease in blood volume and an 18 per cent decrease in red blood cells. 

Other investigators ^3) have shown that anemic dogs absorb “tagged'* iron 
rapidly from the gastro-mtestinal tract whereas absorption is slow when the iron 
level is adequate. Only 0.3 per cent was absorbed in 23 hours after the last feeding 
in noil-anemic dogs, but 59 per cent of the radioactive iron was absorbed by anemic 
dogs in the same time. Four per cent of the absorbed labelled iron was contained 
in the erythrocytes in t^^e first case as compared with 78 per cent in the anemic dogs. 

Radio-Iodine .—The thyroid gland normally contains about one part of iodine 
in a thousand whereas the blood averages less than one part in ten million. Because 
of this marked localisation and because radio-iodine emits gamma-rays, it is 
easy to carry on many diagnostic and metabolic studies in situ merely by placing a 
sensitive detecting device over the gland. 'Hamilton and co-workers (4) found 
that, when 0,1 microgram of sodium iodide, the iodine of which was labelled with 
radio-iodine, was administered to patients with thyroid disease, the following 
percentages of the dose had localized in the thyroid at the end of one day: 

m .. 
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Dumses Ptr CM Uptake 

Hypothyroidism without loiter. 2.0 

Normal controls. 18,5 

Non-toxic goiter. ., .. 25.0 

Tojdc goiter. 61,5 


Certain cancers of the thyroid show accumulation of radioactive iodine not 
only in these structures but also in metastases to the bones (5). In such ca^ it 
is a hope, when stifhcient radio-iodine becomes available as a by-product of fission 
of uranium-235 or of plutonium, that cures may result from the radiation emitted 
by large doses. Similarly, large doses of radioactive iodine have been reported 
to be effective in treatii^ toxic goiters by such internal radiation. The dangers 
of radiation of surrounding vital structures incidental with roentgen-therapy are 
largely avoided by this method. 

Radio-Sodium .—Radioactive sodium produced in a cyclotron has recently 
been used as an aid in the diagnosis of peripheral vascular diseases (6). It was 
injected in such a small amount as to be of no harm, as isotonic sodium chloride, into 
an antecubital vein and a foot was then placed close to a tube sensitive to the 
gamma-rays emitted. Dependent upon the arm-to-foot circulation time, the tube 
was activated in twenty to fifty-five seconds in normal subjects as the radio¬ 
active sodium was carried into the foot. The radioactivity of the foot continued 
to increase until the concentration became more or less uniform throughout most 
of the body. A plot of increased radioactivity of the foot against time after 
injection reached a plateau in about forty minutes normally as equilibrium was 
reached. When the circulation to the foot was impaired, the plateau was not so 
high nor reached so quickly as normally. 

In a patient with peripheral vascular spasm the plateau was only about one- 
third as high as normally. After bilater^ thoracolumbar syrnpathectomy was 
performed, the plateau was far above normal. Other conditions in which the plots 
were of diagnostic value were arteriosclerosis; thrombo-angiitis obliterans; various 
vascular obstructive lesions; scleroderma; and Rayaaud*s disease. In some 
cases the new technique may furnish information concerning vascular supply 
which is valuable in determining the level at which amputation is necessary. 

Radio-Phosphorus ,—Because phosphorus is present in all cells and it can readily 
be made radioactive in a cyclotron, it has b^n employed far more commonly 
than any other artificial radio-element in biol<^cal tracer studies as well as in 
therapy. Usually it is converted to disodiura hydrogen phosphate for administration. 

Numerous investigators have sought to treat tumors with radio-phosphorus 
by differential localization in them, since cells in rapid mitosis utilize much phos¬ 
phorus for the formation of nuoleoprotdns and it might therefore be expected that 
these cells would localize more or less selectivity much of an intravenous dose of 
radioactive sodium phosphate and thereby be destroyed. The fundamental 
principle involved here is that the destructive ionizing radiation emitted by the 
radioactive phosphorus will penetrate only for limited distances so that it will 
affect adversely only the tissues in which it Is localized. Radio-phosphorus has 
been explored extensively in leukemias, lymphosarcoma, multiple myeloma, etc,, 
but early hopes for effectiveness in soft tissue tumors have not b^n wholly realized. 
This is so largely because the phosphate salts in bone are relatively so insoluble 
that too much destruction of bone marrow reacts from the high localization 
in bone when sufficient amounts to affect such tumors adversely are administered. 
The extensive studies of Dean Doan and Professor Wiseman of the College of 
Medicine with radioactive phosphorus generated in the cyclotron of the Physics 
Department of The Ohio State University during the six years have shown, as 
well as the work of others, that radio-phosphoruS is highly efficacious in the treat¬ 
ment of polycythemia rubra vera and promises to,supplant all former tWapeutic 
measures in this disease. They have used it successfully in the treatment of 
chronic leukemias, especially myelogenous leukemia. 
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RECENT ADVANCES IN BACTERIOLOGY 

N. PAUL HUDSON, 

Department of Bacteriology, The Ohio State University 

As is true of many sciences in this period of scientific advancement, Bacteriology 
has extended its frontiers in many directions. In so doing Bacteriology has joined 
hands with numerous scientific neighbors with the result that subject boundaries 
have become indistinct, and many areas are held jointly by two or more sciences. 
Furthermore, the advanced nature of modem research requires a mutual exchange 
of techniques among sciences and demands their close assex^iation in research for the 
solution of the problems that now present themselves for study. The circumstances 
of the highly technical war that we have just waged have shown us how necessary 
and effective is this teamwork among sciences 

Things being as they are, then, advances in llacteriology are not circumscribed 
by limitations implied by the term “Bacteriology,’' but are associated with progress 
in allied fields. During the war, many advances were particularly concerned with 
the applications of scientific knowledge on a large scale. 

With this understanding, let us briefly consider the advances recently made in 
four fields arbitrarily designated as (1) General Bacteriology, (2) Medical Bac¬ 
teriology and its Applications, (3) Viruses, and (4) Medical Mycology. 

(1) General Bacteriology .—For some years the sulfa dmgs have been sl^died 
and employed as chemotherapeutic agents, with results known to all. Bacteriology 
has developed the techniques of experimental evaluation and of the control and 
interpretation of clinical trial. The mode of action of sulfa drugs was early 
reco^sed as a problem of bacterial metabolism, and while the explanation is still 
theoretical and not always applicable, it is now most generally thought to be of 
t^is sort: bacteria that are sensitive to sulfa drugs owe this sensitivity to the facts, 
fiist, that they, like most other living things, require vitamines or vitamine-like 
substances for their growth and development; second, that they are unable-to dis- 
tin^sh between these essential substances and structurally similar compounds 
sura as the sulfa drugs; and third, once having taken up the metabolically inert 
sulfa molecule the bacterial cell is incapable of utilizing the growth factors. Bacteria 
thus held in a condition of stasis readily succumb to the defense mechanisms 
of tile host. 

Antibiotics, those substances produced by molds and bacteria and antagonistic 
to other microorganisms, are likewise well known as therapeutic agents, Bac¬ 
teriology has est3)Ushed methods of laboratory assay and by such means can tell 
the concentration of an antibiotic in the body fluids of patients. The mode of 
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action of this biological product is as yet undefined, but it does appear that the 
antibiotics now in use exert their effects by bacteriostasis when the concentration 
of the drug is low and by bacteriocidal and bacterio] 5 rtic actions when the drug is 
is high concentration. 

For some time it has been known that the types of pnetunococcus are differ¬ 
entiated according to the specific carbohydrate composition of the capsule, and 
that a pneumococcus could be changed from one type to another by certain 
laboratory procedures. The interesting observation has recently been made that 
exposure to desoxyribonucleic acid from an encapsulated Type III transforms 
an avirulent non-encapsulatecU Type II into a fully virulent Type III pneumo¬ 
coccus. In this way, one variety of bacterium is converted to another by the 
presence of a substance of known chemical composition, not unlike the determining 
action of a gene in higher forms. 

These instances of alteration of bacterial metabolism by the presence of certain 
substances point to the so-called “phenomenon of interference’^ in bacterial physi¬ 
ology. With this phenomenon brought to the attention of investigators, other 
examples are constantly being described having to do with the competition of 
bacteria and viruses for food elements, some of which are chemically defined. 
This type of work involves a detailed chemical and biological approach to the 
study of enzymes, baxrterial metabolism and parasitism and will yield fruitful 
results with further exploration and anal 3 rsis. 

Advances in biophysics, as applied to Bacteriology, are only begun, but already 
there is much promise in the use of tagged and radioactive elements in the study 
of bacterial metabolism. It is expected that the utilization of tagged elements 
will disclose how molecular chemical reactions are brought about by bacteria 
and how the chemical structure of bacteria is built. 

The electron microscope has been used to explore, by its high magnification, the 
finer details of bacterial composition and the shape and size of viruses. Attention 
has been concentrated on the finding of minute structures in bacteria and the 
possibility of their representing nuclear elements. Thus far, no definite nucleus or 
chromosomal mechanism has been established, but the interpretation of the 
physical findings combined with histo-chemical studies may shed light on this 
basic and baffling question in bacterial morphology and genetics. 

(2) Medical Bacteriology and Applications ,—It is unnecessary to dwell on the 
valuable improvement of diagnostic methods by the laboratory workers of the 
Armed Forces Not only has the best effort of highly qualified experts been spent 
on this practical question, but also the circumstances of military activities in so 
widely scattered parts of the world have necessitated a development of techniques 
in microbiological fields hitherto not possible. 

The control of air-bome infections has been studied intensively by military and 
civilian groups. The scientific approach has consisted of the development and 
application of methods for the determination and control of the factom involved in 
transmission of respiratory bacteria, such as particle size, conditions favoring 
suspension and transmission of dust and respiratory droplets laden with bacteria, 
devices to sample air and to count its contained bactena, methods of dispensing 
disinfecting aerosols in barracks, schools and other common rooms, the efficiency 
of germicidal li^t, and the oiling of floors and bedding to keep down contaminated 
dust. Above ^1, much effort has been spent on the interpretation of the results 
of using one or another of the many devices devised. This whole program has had 
and will continue to have far reaching results in the difficult field of respiratory 
infections. 

Medical Bacteriology has been much concerned with drug fastness to sulfa 
drugs and antibiotics. Too often for completely satisfactory results, bacteria 
either in a single patient or passed from pwon to person have proved by bac¬ 
teriological methods to be resistant to the drugs in use. This seems to be more a 
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matter of selection and survival of drug*fast bacteria in a bacterial population 
than the sudden conversion of a whole population to the state of resistance. Once 
the fastness fortuitously occurs, it persists in the strain transmitted to subsequent 
hosts. Medical bactenological laboratories now use techniques for the determina¬ 
tion of such fastness and report the findings to the clinician or public health official 
who takes the observation into accotmt in further management of the situation. 

The applications of Medical Bacteriology would not be completely recounted 
without a reference to the improvement and probably increased effectiveness of 
certain bacterial vaccines, such as those against typhoid and paratyphoid fevers, 
cholera, plague and tetanus. Also, reference should be made to the measures 
taken to combat hazards of water-borne infections and bacterial food poisoning 
experienced by our men under conditions of combat and service in the near and 
remote parts of the world from the Equator to the Arctic Circle. Here, methods 
of sanitary c.ontrol, preparation of safe food, vaccines and education reduced 
greatly the likelihood of food and water-borne disease. Similarly, the develop¬ 
ment and application of insecticides were instrumental in reducing the incidence 
of insec't-bome disease. 

(3) Viruses.—The study of viruses and virus diseases, .well advanced before the 
war, was given a marked impetus by the necessities of military activity. The 
solution of earlier problems was advanced, such as in influenza in which laboratory 
diagnostic methods were improved, epidemiology studied, and vaccines developed 
and applied. Similarly, typhus received much attention with the result that 
serological tests were devised, the relation of epidemic typhus of man and endemic 
typhus of rats was more clearly defined, and the typhus vaccine was improved. 
Attention to scrub typhus, met by our men in the Far East and Western Pacific, 
necessitated intensive studies that disclosed the native rodents as sources of 
infection, insects as vectors, and the elimination of these factors in camp sites as 
measures of control. Progress has also been made in the development of vaccine. 

Atypical pneumonia and infectious hepatitis occurred seriously during the 
war, the former in increased incidence and the latter in epidemic form. The specific 
cause of atypical pneumonia is as yet undetermined, althoiagh bacteria are thus 
far excluded. It is interesting that so many cases should be recognized clinically 
in recent years, as if it were a new disease, and yet no one virus of several proposed 
has convincingly been shown to be the sole specific cause. Infectious hepatitis, 
first seen arising from a contamination in the human serum component of yellow 
fever vaccine, proved serious also in large spontaneous epidemics. Lacking a 
susceptible experimental animal, human volunteers have been used in studies on 
etiology, and it now looks as though the disease is due to a virus present in patients' 
feces and entering by the mouth. The etiologic agent may be related to those of 
catarrhal jaundice and of hepatitis occasionally following injections of human 
serum. 

Recent advances in the study of poliomyelitis have not settled the question of 
the modes of transmission and entry of virus into the human body. Detailed 
epidemiological studies, histolo^cal examinations of ncn?^ous tissues, and the 
finding of virus in the upper respiratory tract coincident with the infectious period 
of persons for others point to a substantiation of the theory of contact and droplet 
methods of transmi^on, as opposed to the theory of intestinal source and entry 
erf virus. 

The classification of viruses has been a troubl^me question for those who 
desire to arrange their subject matter in orderly fashion. It seems now as though, 
by our continued detailai study of the various features of viruses and virus diseases, 
that at least four groups can be identified: viruses of some forms of encephalitis 
(St, Louis, Japanese B. Russian Spring-Summer, and louping ill); viruses of rela¬ 
tively large size and of similar antigenicity (psittacosis, lymphogranuloma venereum, 
mouse pneumonitis, and meningo-pneiuiionitis); viruses of pox diseases (smallpox, 
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vaccinia, swine pox, etc.); the bacteric^ha^ IE>uup; and viruses paxasitizmg plants. 
Each group is defined by reference to various criteria, sudi as host, antigenicity, 
modes of transmission, pathology, and susceptibility to sulfa drugs. 

Although some viruses may be grouped according to similar characters, viro¬ 
logists are still more impressed by the constantly increasing heterogeniety observed 
in the properties of viruses, so that they may be thought of as being as varied and 
dissimilar as the wide range of bacteria. 

(4) Medical Mycology .—Mycology has developed in relation to Bacteriology 
in two directions, namely, in the findings of antibiotics active against micro¬ 
organisms and in the study of infections due to pathogenic fungi. Having already 
reterred to the problems of range of bacterial antagonism, mode of action, drug 
fastness and biological assay, let us here mention the advances made in connection 
with antibiotic pt^uction itself: the discovery of new funn elaborating the anti¬ 
biotic principle, the choice of strains by careful test, the ^ysiology of fungi, the 
factors affecting biological variation as exemplified by antibioUc production, 
purification and separation of the active principle, tests for and control of toxicity 
for host cells, development of media and procedures for commercial production, 
and the chemistry of the antibiotic preparations. Each point mentioned represents 
new, basic and practical advances pressed for war and scientific purposes, with 
results known and anticipated for the relief of suffering and the prolongation of life. 

Ibere occurs a disease in the dry regions of the Southwest due to a fungus, 
Coccidioides immitis. It seems to have its habitat in the soil or vegetation and 
when inhaled by man causes a condition which has not attracted much attention 
until our troops stationed in those parts for desert training became manifestly 
infected. This finding and the study of the fungus and disease have led to the 
recognition of the importance of the condition. Likewise, it has stimulated interest 
in other infections due to pathc^;enic fungi hitherto considered rare and unimpor¬ 
tant. Such infections lead to a hypersenativity to the proteins of the fungus and 
recently a large p^ at the young idult population in the Midwest has been found 
to be hypersensitive by skin test to the proteins of another pathogenic fungus, 
Bistoplasma capsulatum. The significance of this finding is yet to be detdtnined, 
but it does appear as though man even in the temperate sone possibly suffers 
generalised infections due to one or another fur^iu, in addition to the fungi that 
now are known to parasitise his skin, hair and nails. 

These fungal infections, together with the op^ng field of antibiotics and the 
wide experience of our Armed Forces with mycotic o^itions in the tropics, have 
served to stimulate much interest in mycology and already distinct advances have 
been made. Our chief lack of basic information in this field seems to be in the 
physiol^ of fungi, and we may look forward to develc^iments in fundamental as 
well as in medical and industrisd mycology. 

To summarise, a few general remarls may be made. The basic science of 
Bacteriology is developing in many directions. There is no line of distinction 
between its various fields, nor between the diverse phases of the subject and other 
fields of science. Industrial and medical research in microbiology has been funda¬ 
mental and abstract as well as applied, and, under whatever aegis, scientific 
advances have been mutually contributory. The distinction between so-called 
pure and applied science is fast fading if it has not indeed already disappeared. 

Recent advances have contributed to another common principle, namely, the 
similarity of basic biological phenomena among the wide range of microscopic 
forms: metabolism in terms of enx3nne8 and chemistry, cellular biology, chemical 
composition, parasitism, immunolopn'** and reaction to external conditions. 

If the two principal advances in Bacteriology were to be given, they might 
well be stated as the demonstration that sdentific progress can best be made by a 
correlation of scientific approaches and tlw estaUishment of the cmnmon funda¬ 
mental nature of the minute forms of life. 



A REVIEW OR GASTROENTEROLOGY FOR 1945 


C. JOSEPH DeLOR. M.D.. 

Department of Medicine, The Ohio State University 

The literature on gastroenterology during 1945 was extensive. The various 
pap^ are particularly noteworthy because of the advances that have been m^e 
in diagnosis and treatment of many gastroenterological problems whk^ arise in 
everyday practice. It is not my intention to induw badcground on the subjects 
in this review because of the detail involved. The alimentary canal is usually 
discussed under separate headings, therefore it is deemed proper to group a sum- 
marica! review in like manner. 

ESOPHAGUS AND STOMACH 

Esophageal varices have been shown to be nmch more common than was 
formerly suspected and are frequently the source ot fatal hemorrhages. Patterson 
and Rouse (39) report a series of cases in which the varices were injected with a 
sclerosing solution even in the presence of h^orrhage. They maintain that only 
time will justify the conclusions drawn. It is their opinion that the results so far 
observed justify the procedure. 

Clark (10) brings up the question of differential diagnosis between gastro¬ 
intestinal conditions and cardiovascular disease. He points out that diaphagmatic 
hernia will frequently present a clinical picture resembling heart disease, particu¬ 
larly angina. He emphasizes that the symptoms of hiatus hernia are more apt to 
be assoaated with eati^ than with effort, and the pmn is less promptly relieved 
with nitrates. He reminds us that gallbladder disease very frequently is found in 
association with coronaipr heart disease and in some instances the gaUbladder will 
initiate attacks of angina. It is bis belief that in selected cases the chole¬ 
cystectomy may lessen or even clear up the attacks of angina. Peros (15) has 
presented an interesting study on the dectr^-oardiogastrographic test and its 
possibilities in differentiating various gastric changes. He points out the possi¬ 
bilities it offers in differentiating benign and malignant lesions in the stomach. 
It has b^ stated that the intra-gastric electrical conductibility can be influenced 
by changes in pH, changes in the gastric tissue and b^ general modifications of 
the total organism. Generally spewing Peros agrees with Bockus that a clinical 
evaluation of this procedure must await further study on a much larger group of 
cases. Others (26, 36, 48) in discussing the various diagnostic procedures in 
gastro-duodenal disease believe that the present methods of diagnosis are quite 
accurate with emphasis being placed on the history, x-ray, gastroscopy, gastric 
analysis and stool examination. Thorek (51) writes that in severe gastric disease 
involving the esophagus in which stability is a factor, gastrostomy should not be 
deferred until the patient's condition becomes critical. Too often the op^ation is 
considered only after the patient's condition is deteriorated by malnutrition and 
disease and at that time gastrostomy is attended by great operative risks and 
offers little b^efit. Thorek believes that early operation tends to maintain nutri¬ 
tion and streng^ ^d frequently improves the conifition of the esophagus by 
removing the irritation due to alimentation. In addition to this it may furnish 
information regaining the location and the nature of tumors in ^is region. One 
of the most impoilant contributions that has been receiving considerable emphasis 
has bera that of bilateral vagotomy for hypermotility and hypersecretion in gastric 
disease, particularly intractable ulcer. The supradiaphragmatic section of the 
Vagus nerves, as described by Dragfstedt and his associates (13, 52) conclusively 
shows that hypersecretion can be reduced and the motility likewise inhibited with 
marked clinical relief of the patient’s sjrmptoms. Roth and Ivy (19, 43) have 
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demonstrated experimentally that the stomach will still respond to caffein after 
bilateral section of the vagus nerves and they draw the conclusion that caffein 
pres^lmably exerts its action peripherally on the gastric mucosa and not on a 
neurogenic basis. Gianelli and Bellaflore (17) have reported that an antiulcer 
factor called vitamin U has been shown to be effective in experimental peptic 
ulcer and they adopt the principle of giving their patients a liberal convalescent 
diet. "^This is of interest because of the recent advocation of the use of amino 
acids (32) and a high protein diet in the rapid therapy approach to ulcers. In 
addition to this, the use of tobacco was permitted. One of the newer drugs which 
has been described for use in hypermotility of the stomach is Dibutoline, which 
Peterson and Peterson (41) have shown is very similar to atropin^ and equally 
effective, but that the duration of action was shorter than for atropine. The 
advantage in using this new drug is that it has no cardiac effects and no mydriatic 
efifect. They maintain that the margin of safety for this drug is very great and 
they have observed no idiosyncrasies. Ivy, Sandweiss and others (26, 45) present 
the interesting ^bject of the hormonal control of hypermotility and hypersection. 
Both of these groups have conclusively shown that there is an anti-ulcer factor 
contained in extracts from the intestin^ mucosa, extracts of the urine of pregnant 
women and also certain pituitary factors. The active principle has been isolated 
and purified and they define the unit of the hormone to be that amount which will 
reduce by fifty percent the secretory response to one milligram of histamine in a 
twenty-pound dog with a pouch of the entire stomach. This has been found tci be 
twenty milligrams of the active principle. It must be given intravenously because 
when other routes are used, for example, subcutaneously, the amount required is 
trebled. 


LIVER AND GALL BLADDER 

Two new tests for the determination of the presence of gallbladder disease 
have been described by Morrison and Swalm (34) which are predicated upon the 
determination of the specific gravity of the bile obtained from the liver and the 
gallbladder which in turn reflects their bile salt content. They observed that 
normally the specific gravity of gallbladder bile is greater than that of liver bile 
and in disease processes this ratio is disturbed. A new drug which offers some 
promise and has been marketed under the trade name Profenil has been described 
by Wei^ (55) to be well tolerated and of low toxicity. It has been shown to abolish 
smooth muscle spasm irrespective of its origp, neurogenic or myogenic, and he 
predicts that in time it will replace papaverine and belladonna. The new drug 
may be given in tablet or hypodermic form. 

Most of the gastroenterological literature for 1945 has been centered around 
the liver (5, 18. 23, 24, 25, 31, 40, 42,48, 49, 66, 67) which deal with such conditions 
as amebic hepatitis and the necessity for early recognition particularly in those 
cases which develop pus and the rather prompt response which is obtained with 
emetine; infectious hepatitis and its relation^ip to homologous serum jaundice 
and post-vaccinal hepatitis. It has been shown, in regard to the latter three 
conditions, that one and the same factor are presumably concerned and the only 
difference is in the mode of transmission. One outstandmg fact in regard to virus 
hepatitis is the necessity for prolonged bed rest and the question of recurrence 
following too early ambulation. Biopsy studies in many cases have shown the 
consistent findir^ of necrosis and in a very small percentage of cases have led 
eventually to cirrhosis. Prom a diagnostic standpoint the tendency has been 
to develop a series of rapid tests that can be done expediently and inexpensively 
(14,18, 21, 33. 37, 38) the most notable of which have been the modification of thie 
Harrison's test for bilirubin in the urine and the quantitative determination of the 
serum bilirubin according to the methods developed by Ducci and Watson (14). 
This latter test has its greatest value in the differential diagnosis between obstruc- 
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tive and toxic jaundice. The cmx of the newer methods of technique and 
int^retation is based on the fact that the quantitative prompt bilirubin is low in 
toxic (hepatic) iaundice, and high in obstructive jaundice. TVu new papers have 
appeared (1, 44) on the determination of vitamin A in liver disease and the utiliza¬ 
tion of a vitamin A test meal to show the hepatic response in health and disease. 
Aldersberg (1) and his associates maintain that the normal fasting level of vitamin A 
varies from 40 to 100 micrograms percent. In severe liver disease this falls to levels 
of 20 or 30 and following a test meal, normally peaks of up to 276 micrograms are 
reached, whereas in hepatic disease there is no response. An additional note in 
regard to Atabrine and its effects on the liver. Butt (8) states that the toxic effects 
from this drug are few and far between and that its use in malaria is relatively 
safe because of this fact. Bauer (3) points out that cholinesterase can be dem¬ 
onstrated in serum. He has found that in liver disease the values for this sub¬ 
stance are markedly lowered and that it is a relatively sensitive test. Hines and 
Kessler (22) report that penicillin pnxiuced extensive hemorrhages in two of their 
patients who had received the dmg for bacterial endocarditis and the cause is 
presumably that penicillin increases the sensitivity to heparin. Havens and 
Paul (20) demonstrated that the intramuscular injection of gamma globulin was 
effective in preventing the spread of infectious hepatitis. From a theraupetic 
standpoint Darmady (12) supports other authors (Wade, Jolliffe, Alpert and 
Barker, 2, 29, 53) in the rather generally accepted observation that large amounts 
of protein are of primary importance in the treatment of hepatitis as a result of 
infection and also cirrhosis due to any cause. In addition to the use of a high 
protein dietary supplement, Beams (4) has reported that choline and cystine 
are of great value in treating cirrhosis in the h)rpertrophic pha^. Cartwright and 
Wintrobe (9) support Watson and Castle (54) that choline in the treatment of 
cirrhosis of the liver has no deleterious effect on the blood picture. In a study 
of a series of patients with pernicious anemia, Boyden and Layne (7) found that the 
incidence of gallbladder disease was higher in this type of case. Bennett (8) in 
discussing the possible etiological factors in the development of disturbed protein 
metabolism pr^icates the hypothesis that the ife jponsible factor is an absence of 
the methyl group and its relation to the sultur-containing amino acids. She 
summarizes the complex chemistry by saying that an adequate supply of preformed 
labile methyl groups is necessary for normal growth and that this methylation 
factor presumably is based upon bacterial flora in the bowel and the ability of the 
liver to make use of these various chemical compounds resulting therefrom. 

INTESTINAL TRACT 

Isaacs (27) states that until 1944 only 127 adenomas of the pancreas had been 
reported, and the fact that these patients must be differentiated from those having 
malignant tumors of the pancreas. He points out that the biggest difficulty is in 
locating the tumor and surgically removing it with a resultant excellent chance for 
complete recovery from the hyperinsulinism. 

, Darby, Jones and Johnson (11) report on the use of L. Casei factor in sprue and 
they propose that Ae group of substances related to L. Casei factor and folic acid 
be tenned the vitamin M group. Kiefer and Ross (30) state that their experience 
with 102 cases of chronic ulcerative enteritis has been that conservative manage¬ 
ment is advisable in the acute forms of the disease, and also in the mild cases of 
chronic uncomplicated terminal ileitis. However as a general rule these authors 
state that in the chronic stage the best method of therapy is surgical resection. 
An interesting commentary by Most (35) to the civilian physician is his emphasis 
of the use of zinc sulfate flotation of stool specimens as a practical and efficient 
method of detecting the majority of the various intestinal parasites, particularly 
those found in persons who have been in the armed services and are returning 
to this country from military duty. Smith (47) in discussing Shiga dysentery points 



206 


C. JOSEPH D£ LOE, M.D. 


VoL XLVI 


out that a diagnosis by proctoscopy is possible within twenty-four hours after the 
onset of symptoms. In his series of cases 47 percent had negative stool cultures 
and the diagnosis might have been missed if direct visualisation of the colon bad 
not been done. He emphasises that the golden opportunity for effective treat¬ 
ment occurs in the first twenty-four hours and that at this time the diagnosis can 
only be made in many instances by proctoscopy. Sokoloff (50) repo^ that chronic 
amebic infection req^onds very satisfactorily to anhydrous lactic acid and in some 
instances better results are obtained when combined with iodine. 
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RECENT ADVANCES IN PHARMACOLOGY AND 
MATERIA MEDICA 

GEORGE H. RUGGY, M.D., 

Departmetit of Physiological Chemistry, The Ohio State University 

Any brief report on the present status of pharmacology involves the careful 
selection of those topics which seem to be of major importance, and even these 
must be treated somewhat cursorily- I have, therefore, chosen to divide this 
report into two sections; the first dealing with the present status of, and the future 
outlook for, the chemotherapy of infectious diseases, and in the second section to 
discuss miscellaneous advances in divergent areas. 

In dealing with the present status of chemotherapy, the discussion can be 
conveniently divided into two phases: (1) the sulfonamides, and (2) the ever- 
increasing group of substances derived from living organisms and ambiguously 
called ‘‘antibiotics/’ Of the ten or twelve clinically useful sulfonamides which 
have been developed over the last ten years, it seems safe to say that at the present 
time only one of these^-sulfadiazine—^need be given serious consideration. It is 
generally recognized that when a sulfonamide is indicated sulfadiazine should 
be the drug of choice The only serious exception to this general statement would 
be in the case of those sulfonamides, represented by sulfasuxidine, which are not 
absorbed, and which have a certain limited usefulness through their local action in 
the gastro-intestinal trac't. 

There have been no new developments in the case of sulfadiazine, but certain 
factors involved in its clinical application have become more clearly defined. 
Among these, the following are worthy of note: 

(1) Clinical effectiveness following systemic administration is equal or superior 
to that following local application. 

(2) The efficiency of sulfadiazine prophylaxis has been definitely established, 
particularly in those diseases caused by the hemolytic streptococcus. 
Prophylactic use must, however, be balanced against: 

(3) The increasing incidence of patient sensitivity to the drug and the develop¬ 
ment of strains of sulfonamide-resistant organisms; 

(4) And finally, it seems possible to predict, on the basis of physico-chemical 
studies, that other substitutions of the basic sulfonamide nucleus will not 
produce drugs which will have any greater therapeutic effectiveness than 
does sulfadiazine. 

Available data in the field of antibiotic research are undoubtedly incomplete, 
but it seems certain that some 50 to 75 antibiotic substances have been partially or 
completely isolated and arc in various stages of investigation; however, only two— 
penicillin and streptomycin—can be said, at present, to have widespread clinical 
importance. 

Penicillin is now available in adequate quantities, although the supply is not 
unlimited and precludes, for the time oeing at least, any widespread application of 
unproven methods of administration. The concensus among clinical investigators 
is that for maximum effectiveness penknUin must be administered parenterally. 
There is, as yet, too little clear-cut experimental or clinical evidence to enable 
one to predict the possibilities for the oral administration of penicillin. Herein lies 
a major difficulty in penicillin therapy. In most instances, the physician will feci 
that the patient must be hospitalize before he is given penicillin. This is to insure 
the all-important factor of maintaining adequate blo^ levels by means of con¬ 
trolled day-and-night administration. The choice between sulfadiazine and 
penicillin in the managemwt of disease produced by susceptible orjganisms is, of 
course, determined primarily by the susceptibility of the onanism m question to 

208 



No. 4 


PHARMACOIX>GY AND MATERIA MEDICA 


209 


each drug. Where either drug will satisfactorily combat a given organism the 
choice frequently hinges on the difficulties encountered in administering penicillin. 

The special cases of syphilis and gonorrhea require separate mention. It must 
be emphasized that the ust^ of penicillin the therapy of syphilis is as yet in the 
experimental stage, and will retain that status until sufficient time (2-5 years) has 
elapsed to permit the proper cvaltiation of results. It is not possible to state 
definitely whether penicillin alone or in combination with heavy metals will 
significantly advance the therapy of this disease. In the case of gonorrhea two 
factors must be recognized. The first of these is the extraordinary susceptibility 
of the gonococcus to many forms of therapy, and its equally extraordinary ability 
to develop resistance to any given therapeutic agent. Penicillin-resistent strains 
of gonococci have been reported, and it is as yet too early to predict the final 
status of this agent in the therapy of gonorrhea. 

The second factor which must be recognized is the possibility of the simultaneous 
occurrence of gonorrheal and syphilitic infection with the latter in its innocuous 
primary stage being masked by the earlier clinical onset of gonorrhea. Under such 
circumstances, superficial healing of the unrecognized primary chancre may occur 
with the dosage of penicillin used to treat gonorrhea. This quantity of penicillin is 
grossly inadequate to ensure the destruction of all the spirochaetes and the patient 
is thus exposed to the possibility of developing treatment-resistant syphilis and to 
the hazards accompanying the inadequate treatment of this disease. 

The clinical usefulness of streptomycin is still in the process of evaluation. 
The quantities available at present are too small to permit extensive controlled 
investigation. In general, streptomycin is effective against many gram-negative 
bacilli, whereas penicillin is ineffective, and the sulfonamides have only limited 
useftilness in infections caused by these organisms. The effet^t of streptomycin in 
controlling three diseases—brucellosis, tularemia, and typhoid fever—hitherto 
unaffected by chemotherapeutic agents has received considerable attention recently. 
At the present time the outlook for its usefulness in the treatment of tularemia is 
good; in combatting brucellosis, less than fair, and for typhoid fever, poor. 

Even less can be said about the effectiveness of streptomycin, or any other 
chcmo-therapeutic agent for that matter, in the treatment of tuberculosis. At the 
present time no optimism is justifiable. 

No report of the present status in the field of chemotherapy would be complete 
without mention of the enormous possibilities which have been opened to investi¬ 
gators by the elucidation of the mechanisms of action of the agents just discussed. 
All of them are effective by virtue of the fact that they interfere with some essential 
metabolic activity of the organism. The application of this basic principle renders 
possibilities for the control of infectious agents virtually unlimited. 

Of the host of advances which have been, or are being, made in other areas, 
time permits the mention of-only three: 

Thiouracil —This synthetic pyrimidine derivative possesses the unique proi>erty 
of inhibiting, in a manner not entirely clear, the production of the thyroid hormone. 
This activity had led to the use of thiouracil in the control of hyperthyroidism. 
However, its place in the general management of hyperth 3 !Toid patient has not yet 
been sati^actorily evaluated. It seems clear at the present time that thiouracil may 
not be depended upon to control completely such a patient, but that it must be 
ttsed in conjunction, with other procedures, including surgery. Its use is attended 
by a fairly high incidence of toxic reactions, the most alarming of which is 
agranulocytosis. This toxicity could conceivably lead to its abandonment as a 
therapeutic agent, but only time and wider clinical experience will determine this 
possibility, 

Benadryl—It is a well recognized fact that histamine plays a very large part in 
the production of those lesions which characterize allergic reactions of all kinds, 
A long-hdd theory has supposed that if some substance could be found which 
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would antagonize the action of histamine it diould be possible to relieve or prevent 
the manifestations of edlergic disturbaiKes. BenochM seems to be such a com¬ 
pound, It is by no means a panacea for all types of allergic disturbances, but it 
seems to be outstandingly effective in providmg symptomatic relief in angio¬ 
neurotic edema, allergic rhinitis, and allergic bronchospasm. The drug does not 
affect antigen-antibo(fy relationships or formation, and in this respect represents a 
purely symptomatic approach to a very complex problem. 

Di^aUs —It would be misleading to confine a review of recent advances to 
new (&ugs exclusively. Both clinical and experimental pharmacologists devote 
a large share of their time and e^rt to the improvement of therapeutic agents of 
known values. The gain which has been made in the direction of a more complete 
understanding of the chemical characteristics, the mechanism of action, and the 
rational clinical application of the digitalis bodies represents an outstanding example 
of this type of jcontinuing progress. Until very recently the infinite complexity of 
digitalis in £^1 its relationships has made the crude leaf the preparation of choice, 
and the oral route the only reliable method of administration. There is now, 
however, reason to believe that the limitations and uncertainties imposed by this 
combination may be overcome. More refined chemical techniques and more 
accurate and detailed pharmacological observations have resulted in the isolation, 
identification, and use of the active glycosides of digitalis in pure, unaltered form. 
Two of these compounds, digitoxin and digilanid C, are especially worthy of 
mention. They are receiving widespread clinical trial, and the r<^>orts on their 
effectiveness are very encouraging. This trend, support by continually accumu¬ 
lating data, permits the prediction that the pure glycosides may eventually supplant 
the crude leaf, and it is very probable that their use will materially enhance our 
ability to control cardiac failure and, at the same time, increase our knowledge of 
the abnormal physiology of the failing heart. 


RECENT ADVANCES IN AVIATION MEDICINE 

FRED A. HITCHCOCK, 

Department of Physiology, The Ohio State University 

In any attempt to review recent advances in Aviation Medicine, one must 
remember that almost all aviation medicine is recent. Although a not inconsider¬ 
able amount of experimental work was done during the first World War, nearly all 
of this work was discontinued shortly after 1918, and much of the material that had 
been studied and investigated was forgotten. 

In marked contrast t© the policy followed in Germany and Russia, where 
the subject of aviation medicine was continuously and actively investigated, this 
subject was completely neglected in the Unit^ States. Therefore our entry in 
the late war made it necessary for us to establish a multitude of laboratories and 
to carry on our investigations with almost feverish haste in order that we should 
not be hopelessly outdistanced by the Axis. 

In a brief review such as this, it is obviously impossible to adequately cover 
the entire field. I have, therdore, somewhat arbitrarily selected three (Afferent 
sub fields in each of which outstanding results have been reported during the past 
year or two. 

First, I want to take up the subject of angj^ar acceleration or centrifugalictfoe. 
If a fighter pilot is diving at the rate of 460 miles an hour and pulls out of this dive 
on the arc of a circle having a radius of about one-half mile, centrifugal force will 
press his body down onto the seat of the plane with a force which will be slightly 
more than five times the force of gravity. Thus if the flyeris weight is lbs., tm 
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fo^ of his body against the seat of the plane would equal more than 900 lbs. 
His aims would be so heavy that he would be unable to lift them. The blood 
would have a weight five times its normal value. This would make it difficult for 
the heart to pump an adequate amount of blood to the brain. Blood would, 
therefore, tend to drain o\it of the upper part of the body and become pooled in 
the abdomen and the legs, and the aviator would suffer from cerebral ischemia. 
The first effect of this ischemia would be a blurring and graying of the vision as 
though a semi-transparent curtain were lowered before the eyes. This Would be 
accompanied by a narrowing of the visual field. If centrifugal force on the body 
is continued or increased, the aviator will “black out,” that is, he will suffer a com¬ 
plete loss of vision and finally will lose consciousness. The extent of the physio¬ 
logical changes produced depends upon both the magnitude and duration of the 
centrifugal force applied to the body. Most young normal individuals can tolerate 
a centrifugal force as great os four to five G. for a period of as long as five to ten 
seconds. 

One of the problems of aviation medicine has been the development of devices 
for protection of aviators against these effects of centrifugal force. So far the most 
successful device of this sort developed is the so-called arterial occlusion suit, of 
which you have probably read in the newspapers, Tliis consists of a suit into which 
are incorporated three inflatable elastic bandies; one across the abdomen and one 
around each of the thighs. When the aviator performs any manuever which 
involves increased centrifugal force, these bandages are automatically inflated in 
such a way that pressure is exerted on the wall of the abdomen and on the large 
arteries in the thighs. This pressure constricts or occludes these arteries, with the 
result that the blood is prevented from pooling in these parts. This means that 
more blood is retained in the upper part of the body and the aviator’s tolerance of 
centrifugal force is increased. However, there is a definite limit to hurrian toler¬ 
ance of centrifugal force even with the best protective devices. This limit is on 
the average about 7 G. 

The second development which I wish to discuss is the equipment for what is 
known as pressure breathing. It is well known that at altitudes of more than 
15,000 feet men find it difficult or impossible to live and carry on ordinary activitip 
because of oxygen lack, This lack of oxygen is not the result of any decreases in 
the percentage of this gas in the air, but rather of a lowering of the oxygen tension 
as a result of the decrease in total barometric pressure. It is quite obvious that 
protection against this anoxia of altitude can be obtained by breathing oxygen 
enriched air. Thus a person breathing 100 per cent oxygen at an altitude of 35,000 
feet, where the barometric pressure is a little less than 100 mm. Hg. would be just 
as well off in regard to his oxygen supply as though he were breathing air at ground 
level. However, if he goes up to 40,000 feet, even breathing 100 per cent oxygen 
the alveolar oxygen tension would drop to about 55 mm. Hg. and his arterial 
oxygen saturation would be down to something under 80 per cent. He would, 
therefore, be in a precarious situation and on the verge of losing consciousness. 
It is generally stated that 42,000 feet is the absolute ceiling for the most resistant 
aviator, even when he is breathing 100 per cent oxygen. 

During the latter part of the war, oxygen equipment was developed which 
delivered oxygen to the lungs of the aviator at a pressure of slightly greater than 
that of tl\e ambient atmosphere. This results in an increased alveolar oxygen 
tension and m^S it possible for the aviator to go a few hundred feet higher than 
he would otherwise able to do. Two sorts of pressure breathing equipment 
have been developed: first, the constant pressure type in which the increased 
ptessure is maintained continuously and second, the intermittent type in which 
the increased pressure is applied only during inhalation. Breathing is a little 
easier with this type of apparatus, but it is more complicated and therefore more 
likriv to get out of order. 

And now ^ come to the pressurized cabin and the problem of explosive decom- 
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pres&ion. Even before the war the pressurized cabin was beginning to conae 
into use as a means of prote<::ting passengers in aircraft against the unpleasant 
effects of decreased barometric pressure, This mechanical development was 
carri^ to a much higher state of perfection during the war and as everyone knows, 
was a not inconsiderable factor in the success of our long distance, high altitude 
bombers. The pressurized cabin, of course, is the ideal solution to many of the 
problems of high altitude flying. But as is so often the case, the solution of one 
pn>blem pushes to the forefront other as yet unsolved problems. Thus with the 
pressurized cabin in common use, the problem of explosive decompression became 
one of paramount importance. If a bomber is flying at an altitude of 36.000 feet 
where the barometric pressure is 180 mm. Hg., with the pressure inside the cabin 
at 560 mm. Hg., the crew would be subject to the hazard of an extremely rapid 
drop in barometric pressure in case of a large caliber shell piercing the cabin. 
Under these circumstances, the banmetric pressure in the cabin might drop as 
much as 380‘mm. Hg> (one-half atmosphere) in a fraction of a second. This is a 
pressure change of 7^ lbs. per square inch. At first thought one would be inclined 
to feel that human beings could not tolerate such rapid and extensive changes 
in barometric pressure. In the early days of the war, explosive decompression 
was considered an extremely serious hazaid. It became necessary that we should 
know what the tolerance of human beings was to such rapid changes in pressure 
and also what harmful effects might be expected to result. Here in our Ohio 
State laboratory, we began investigating these problems in January, 1942. We 
developed a technique for producing explosive decompressions at a rate which was 
equivalent to going from ground level to 50,000 feet in .02 of a second. Various 
species of animals were subjected to such explosive decompressions and to our 
surprise there were no harmful effects, A few minor hemorrhages of the lungs 
and occasional small hemorrhages in the ventricle of the brain were the most 
serious effects produced. None of these was of such a nature as to seriously 
incapacitate the animal. In fact, experimental animals showed complete rec^overy 
from such minor lesions in a period of two or three days, The only serious hazard 
.seemed to be the possibility of the extreme expansion of the gas trapped in the 
stomach and intestine. At 40,000 feet, a gas would occupy a volume five times 
as great as that occupied at ground level. This means, of course, that when the 
gas is trapped in a confined space in the body, considerable pressure might be 
developed. We found that herbivorous animals, such as guinea pigs and rabbits, 
that are known to have considerable amounts of gas in the gastrointestinal tract, 
occasionally died following explosive decompression as a result of ruptured stomachs. 
In no case, however, did any of the dogs or cats which we us^ suffer serious 
injuries from explosive decompression. 

We investigated in some detail the physiological effects of such rapid changes 
in barometric pressure. As would be expected, we found that there was a momen¬ 
tary but rather marked increase in the mtrathoracic pressure. This is, of course, 
caused by the fact that the expanding air in the lungs is unable to escape through 
the trachea at a rate sufficient to keep pace with the fall in the ambient pressure. 
In other words, the lungs decompress at a slower rate than does the experimental 
chamber or the cabin of the aircraft. This rise in mtrathoracic pressure is, we 
believe, the fundamental cause of all other physiological changes that take j)lace 
following explosive decompression. Among these effects is a rise in the cerebro¬ 
spinal fluid pressure. While our experiments on this point cannot as yet be con¬ 
sidered final, such data as we have seem to indicate that the rise in cerebrospinal 
fluid pressure parallels, both in extent and duration, the rise in mtrathoracic 
pressure. We also found a marked slowing of the heart and a drop in blood pres¬ 
sure. The slowing of the heart occurs immediately following the explosion. The 
drop in blood pressure begins after a delajr'of perhaps a second or so. This drop 
in blood pressure is probably due, at least in part, to interference with the venous 
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return to the heart by the increa^ intrathoradc pressure. There are also 
undoubtedly r^exes involved. Cardiac slowing seems to be solely of reflex origin 
since it is abolished by bilateral vagotomy. Our work on animals was followed by 
many experiments with human subjects. In general these experiments verified 
the results which we had previously attained with animals, although of course 
there were many things that we had done with animals that it was impossible to 
do with men. Purthermore we have never subjected our human subjects to the 
extremely rapid decompressions used with animals. We have shown, however, 
that explosive decompression is not a serious hazard to aviators. 

In this short paper I have not attenmted to give credit either to individuals or 
to laboratories for developments which I have mentioned, niey were all coopera¬ 
tive undertakings in whicm a number of laboratories participated. It must be 
borne in mind that there have been many other developments which were no less 
important than those 1 have discussed, but time does not permit further elaboration 
of the subject. 


RECENT ADVANCES IN PHYSICAL MEDICINE 

SHELBY G. GAMBLE, 

Department of Medicine, The Ohio State University 

The field of physical medicine is expanding very rapidly and with such develop¬ 
ment is demonstrating its value in a broad and neglected phase of medicine as 
practiced today. 

The Council on Physical Medicine of the American Medical Association defines 
physical medicine as including the employment of the physical and other effectii^e 
properties of light, heat, cold, water, electricity, massage, manipulation, exercises 
and mechanical devices for phjrsical and occup^ional therapy in the diagnosis and 
treatment of disease. 

Physical Medicine is developing and progressing into three major fields: 
(1) physical therapy and the employment of physical agents in diagnosis, (2) occupa¬ 
tion^ therapy with the usual arts and crafts plus the wider field of pre-vocational, 
avocational, and vocational pursuits, and (3) reconditioning of the convalescent 
pAtient which includes not only physical training but also the provision of educa¬ 
tional and recreational programs as developed by our military services during 
this past world war to utilize the period between definite care and ability to return 
to p^uctive work; thus shortening convalescence and obtaining maximal 
functiontd recovery. 

In 1944 the Baruch Committee on Physical Medicine was initiated by the grwt 
of Bernard M. Baruch to advance and encourage research, teaclung and training 
in the field of physical medicine. The general research and training projects were 
formulated as follows: 

(1) To develop both medical and techni<^ teach^ of physical medicine in 
the basic sciences and dinical aspects of ph 3 rsical medicine. 

(2> To investigate the problems of hydrology, climatology and spa therapy. 

(3) To study the prevention and manipulative aspects of the structural 
raedianics of the human body. 

(4) To study and develw electronics and other ph^cal agents because of 
their increasing importoce in physical e.quipment whi<m could be employed in 
research as ww as m clinical application of physical medicine. 

(5) To promote qwcial dini^ investigation of the psychologic and psychiatric 
aspects of phyrical m^dne. 
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During the past year, grants were made to a number of medical schools and 
Dr. Frank H. I&uscn, radical director of the Baruch Committee, has summand 
the projects at the specific institutions as follows; 

(1) Columbia University, College of Physicians and Surgeons—Research 
projects dealing with insulin therapy in combination with fever therapy produced 
by physical means; studies of electric shock therapy; the effect of temperature on 
hemorrhage, fluid, and electrolyte balance; distribution of volume of blood, and 
metabolic disturbances resulting from circulatory changes; basic problems of circu¬ 
lation in small vessels and capillaries; the use of radioactive isotropes in circulation 
investigations. 

(2) Medical College of Virginia—Study of birefringence of mammalian muscles; 
changes in muscle proteins during atrophy; use of electrical stimulation, massage 
or baths to overcome atrophy. 

(3) Massachusetts Institute of Technology—Investigation of the dielectric 
properties of muscles and tissues in high frequency fields and nerve impulses by 
electronic methods. 

(4) Harvard University—Study of biochemical factors relating to fatigue and 
the psychiatric aspects of fatigue in psychoneurotic patients. 

(5) University of Southern California—The evaluation of compensatory action 
in muscles or muscle groups; the use of soft tissue x-ray^ and metal pin implants to 
study muscle movement; the determination of electrical potentials in muscular 
contractions; the interrup^n of neiaromuscular pathways by pressure, nerve 
section and chemicals; the effects of internal environment on regeneration of 
neuromuscular pathways and return of function. 

(6) University of Iowa—Research in the use of thermogenic agents on deep 
tissue heating, and the effects on circulation of short wave diathermy in animal 
experiments. 

(7) Marquette University—The effects of temperature changes on the neuro¬ 
muscular apparatus with s^^cial reference to thermal shock. 

(8) Washington University—Research program on body mechanics. 

Laboratory research in electrodiagnosis, electromyography, and low frequency 

muscle stimulation has been a prominent investigative field. 

In studies on peripheral nerve lesions, electrodiagnosis by means of a progressive 
current of long duration has shown great prognostic importance. A progressive 
current is one which increases with time and in periphery nerve lesions, there is a 
progressive diminution in threshold amperage until the period of denervation is 
reached. With recovery, there is a rise in threshold am^rage. These electrical 
signs of recovery precede clinical evidence of motor and sensory recovery often 
by months. 

' In a like manner, electromyography is of diagnostic aid in similar peripheral 
nerve lesions. No electrical activity can be recorded from normal relaxed voluntary 
muscle, although it is always present when there is action in muscle tissue. In 
mactically denervated muscles, fibrillation action potentials can be obtained. 
During re-innervation, fibrillation action potentials decrease. In detecting small 
degrees of nerve interruption, electromyography is of particular value. It also 
helps in placing the level and extent of lower motor neurpn lesions since the amount 
of denervation can be assessed. Thus work in elecirophysiology and electro¬ 
pathology has resulted in the recording by suitable needle electrodes, the action 
potentials of muscles. To date such methods are chiefly used in laboratory studies 
but a definite clinical use is in the making. 

The relation of Physical Medicine to Psychosomatic Medicine has been empha¬ 
sized in the use of electric shock therapy in the various psychoses. Electric snock 
is the most easily administered shock therapy and the results are comparable 
to those of insulin and metrazol As in other forms of shock therapy, cmly the 
existing mental state is altered. There is nb change in the prq)S 3 rchotic per¬ 
sonality and other forms of psychotherapy are essential. 
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The combination of physical and drug therapy in the forms of fever-chemo¬ 
therapy and of ion transfer has developed further. 

Studies have been continued in the use of artificial fever and chemotherapy 
in early syphilis in the hope to obviate the necessity of long courses of either 
chemotherapy or of fever-chemotherapy. Valuable data has been obtained on 
such combinations during this past World War, 

Ion transfer with histamine and novocain has been used extensively in recent 
years. Irritation of the skin and underlying parts has been used more or less 
successfully in the treatment of aches and pains due to soft tissue involvement. 
Pronounced analgesic action is probable directly due to improved circulation 
which relieves tension in subfasc^ial spaces and removes toxic products. Histamine 
ion transfer is one of the simplest and most effective counterirritant measures 
available. In cases of painful limited joint motion, novocain ion transfer is very 
effective with complete relief of symptoms plus surface analgesia for three to four 
hours. 

Continued studies using hypotheramy further corroborated its uses for surgical 
anesthesia, preservation of poorly nourished tissues, treatment of infection and 
shock, and treatment of burns. Preliminary obser\’‘ations on selective destruction 
of superficial tumors by temporary local asphyxia using carbon dioxide ice have 
proven the feasibility of this metheid. 

Ultraviolet irradiation plus the use of fluorescein has been used with success 
in determining the viability of strangulated intestine as well as in the establish¬ 
ment of diagnosis and prognosis in peripheral vascular diseases. When fluorescein 
is injected intravenously, it can be made visible by a beam of ultraviolet radiation 
on reaching any area of exposed skin or mucous membrane by the blood stream. 
In cases of damaged bowel, the presence of fluorescence has been shown to be 
sufficient evidence of viability. The postoperative course and pathologic sections 
have borne out the prognosis based on this method and so has removed the usual 
uncertainty incidental to such cases. 

For years there has been a need for a means of estimating heat radiation in 
clinical practice. Recently there has been develc4j^ an experimental instrument, 
a thermoradiometer, which can be placed in the patient’s skin and directly measure 
the radiation flux. It is hoped that a simple clinical recording instrument that will 
allow more accurate estimate of administering heat radiation will be an outgrowth 
of these experiments. 

Laboratory experimentation with microwaves and supersonics as well as with 
the cyclotron and atomic energy have indicated that it is within the range of definite 
possibility that the therapeutic use of these powerful now forms of physical energy 
may bring far-reaching developments. Radioactive sodium as prepaid by means 
of the cyclotron has already been used as a tracer substance in the blood in the study 
of patients with peripheral vascular disease. Thus the past few years have shown 
progressive advances of sound large scale developments in physical medicine. 
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RECENT ADVANCES IN MEDICAL GENETICS 

LAURENCE H. SNYDER. 

Professor of Medical Genetics, Department of Medicine, and Chairman of the 
Department of Zoology and Entomology, The Ohio State Umversity 

The most spectacular, if not the most important advance in medical genetics 
in recent years has been the unraveling of the complexities of the blood ^g^u> 
tinogens. Fourteen such agglutinogens are now Imown, and a fifteenth is postu¬ 
lated and will doubtless soon be described. These antigens in various comlmiations 
form the so<alled human blood groups and t 3 ^pe 8 . Not many years ago we spc^ 
of fottr blood groups. Today we know 5,7W, and we will soon be able to dis¬ 
tinguish 8,640, when the last of the three Hr antigens is identified. 

The various medical and medico-legal problems centering around the blood 
groups are fundamentally problems of medical genetics, and can be solved only by 
modern medical genetic methods. The individual agglutinogens are inherited as 
dominant factors, some of them related as alleles of a series, others independent 
of each other in inheritance. In the A-B series there are now eight groups, by 
virtue of three sorts of A antigen. They are as follows: O, A‘, A*, A*, B. A‘B, 
A*B, A*B. In the M-N series there are five t^pes, namely, M, N*, N*, MN*, 
MN*. Since any one of the eight in the A-B senes could be anjr one of the five in 
the M-N series, there are 8 X 5, or 40 groups in these two series comtuned. In 
the P. series there are four types, P‘, P*, P‘P*, and P—, This makes 40 X 4, or 
160 groups. Since any one of these may contain antigens in water-soluble form 
(secretors) or in alcohol-soluble form (non-secretors), there are now 160 X 2, 
320 groups. The recently-discovered Rb antigens are corntfined into eight ^rpes, 
Rh*. Rh^ Rh", Th-', Rh**'. Rh' »», Rh“' '• and Rh-. These, added to the list, 
make 320 X 8, or 2,^. 

The newest of the agglutinogens are the Hr factors. 711066 are not independent 
of the Rh antigens, but are reciprocally xelated to them, so that we must reoescribe 
the Rh group by adding an Hr designation to them. At present we can identify 
Hr' and Hr^, and no doubt soon will have identified Hr^ Usuqr all three Hr 
factors, thpe are 27 Rh-Hr groi^, Mtdtblying these 2t by the 820 groups 
which we identified without tm ^-Hr anttgens, we have 320 X 27, or 8,6^ 
human blood groups. 
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'Hiese groups are all of use in medico-legal cases of disputed paternity, and 
in the identification of individuals, but only the A-B series and 1i>e Rh-Hr series 
are practical importance in transfusions. The A-B groups are involved in 
transfusions because certain individuals contain natural antitx^ies against agglu¬ 
tinogens A and B. The Rh-Hr groups are of importance for another reason, for, 
although no natural antibodies against these antigens are ever present as far as 
we know, antibodies can be produced i^ainst them when they reach the blood 
stream of a person lacking them. Thus in multiple transfusions Rh— blood must 
be given to an Rh— person. 

The most important application of the Rh antigens is in pregnancies where an 
Rh — woman canes an Rh + fetus. Here the antigen of the fetus may pass through 
the placenta into the mother, immunizing the mother. The resulting antibodies 
may return through the placets and unite with the Rh antigen of the embryo, 
causing one or another of the manifestations of erythroblestosis (Levine, 1943; 
Wiener, 1943, 1945). 

The Rh antigen of the embryo is of course inherited from the father in these 
cases. The father is, therefore, Rh-h- He may be homozygous (pure) for the Rh 
factor, or he may be heterozygous and carry the gene for Rh—. In the first 
instance all his children will be Rh-f-, in the second, only half. As a rule the 
first Rh-f- pregnancy serves merely to immunize the motner, while a second or 
later Rh-f- pregnancy stimulates the further rapid production of antibodies, which 
may then affect the embryo. Occasionally a first Rh-f- child is affected, and we 
have some evidence in our laboratory that these affected first-bom children show 
spina bifida and other gross abnormalities. In some instances affected first-bom 
children may be the re^t of a previous transfusion given to the mother. 

When we determine by genetic methods how often by chance an Rh— woman 
would be expected to marry an Rh-f- man and to produce an Rh-f- child, we run 
into some interesting facts. In a population such as that of the United States we 
would expect 28.8% of all children bom to have one or another Rh antigen which 
the mother does not have. If all such cases are ^tentially erythroblastotic, we 
should expect the incidence of erythroblastosis’to be 28.8%. However, the 
frequency of clinically diagnosed cases has never approached this figure. The 
recorded incidence is about one in 200 births, or about one-half of one percent. 
Obviously the difference between 28.8% and one-half of one percent is a discrepancy 
which must be explained. 

First of all it has been observed that of the three Rh antigens, only Rh" is of 
any great importance in producing symptoms. There have b^ a very few 
cases reported of effects due to immunization with Rh* or Rh", but the number is 
relatively insignificant. We may confine our attention, then to Rh®. When we 
compute how often a child will be expected to have Rh® when the mother lacks it, 
we find the answer is 8.7%. This is much closer to the observed half of one percent, 
but still far enough away to demand further investigation. 

Next we recall that first-bom children are seldom affected. In our American 
population about 31% of children are fiist-bora. Eliminating these from our 
cdculations, we wotdd expect 6% of children to have Rh®, to be bom of mothers 
lacking Rh®, and to be second- or later-bom in the family. This further closes 
the g^ between the expected and the observed incidence of symptoms due to Rh 
immunization, but still leaves a discrepancy. 

Looking further, we see that the cases of erythroblastosis are not distributed 
randomly among the Rh— mothers, but are grouped into specific families. This 
suggests that the Rh* antigen may permeajte the placenta only in certain Rh— 
'inothers, or that perii^ omy oertam Rh — women are ciqiable of producing potent 
imtitxxliee. It may be that both these things account for the fact that not as many 
cases of erythroblastosis are found as can potentially occur. 

Another intriguing possibility suggests itsdf, and the exploration of this possi- 
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bility has led to sugp;estive results. It is conceivable that in some instances where 
the antigen immunizes the mother, and the antibody in turn reaches the fetal 
circulation, that the effects on the fetus are different from those usually recognized 
as classical erythroblastosis. 

Following the lead of Yannett and Liebermann, we have investipjated the 
possibility diat Rh immunization might in some instances result m feeble¬ 
mindedness. Our results confirm this, and we tentatively suggest that this finding 
raises the incidence of effects from one-half of one percent to one percent, thus 
closing the gap further. 

Still another genetic factor may be involved in the recent discovery by Wiener 
that immunization may result in either of two kinds of antibodies, univalent or 
bivalent. The manifestations may depend upon the kind of antibody produced. 

In addition to the practical applications of the blood agglutinogens, which 
have taken, up an undue proportion of this review, applications in prevention, in 
diagnosis, and in genetic prognosis have developed from modem medical genetic 
research. For examples of these, see Snyder, 1W6. 

Fundamental research on which such practical applications are built has 
progressed rapidly in recent years. The basic relations of the mutant gene in 
man have be^ thoroughly investigated. A new t 3 rpe of hereditary transmission, 
incomplete sex-linkage, has been added to the longer-known types (Haldane, 1942), 
and this has made possible the first chromosome maps for man. 

Recent studies with the electroencephalogiaph by Lennox and his co-workers 
have shown that cerebral d)rsrhythmia is inherit as a dominant factor, and may 
be used in predicting the occurrence of epilepsy in families. 'The genetic aspects 
of htiman cancer have been thoroughly revie^^ and documented by Blank (1944). 

The biochemistry of several human anomalies has been worked out, and tied in 
with genic action. Thus a single gene controls the production of an enz 3 mie 
which, when present, brings about a certain reaction, but when absent, fails to 
bring about the reaction. Mutations in single genes thus bring about, through 
failure to produce the ^propriate enzyme, albinism, phenylketonuria, alcaptonuria, 
Von Gierke’s disease, and other errors of metabolism. The enzyme, its point of 
action, and its genetic determiner can now be exactly specified (Haldane, 1942; 
Beadle, 1945). 

Lethal factors have been investigated, and various rare human anomalies yrhich 
were long thought to be simple dominant factors have been shown to be lethal 
in the homozygous condition (cf. Snjyder and Doan, 1944). These dyscrasias 
include telangiectasia, minor brachydactyly, sebaceous cysts, spina bifida and 
Pelger*s anomaly. 

For a comprehensive review of the recent advances in fundamental research 
underlying m^ical genetics, see Muller, Little and Snyder (1946). For text 
books on medical genetics, there are recent editions available by Roberts (1940), 
Davenport. Keeler. Slye and Macklin (1940), Snyder (1941), Ford (1942), Gates, 
Snyder and Hooton (1943) and Bauer (1946). 
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Serious consideration was given throughout the war to risks of introducing 
exotic diseases and other harmful agents into the United States through the traffic 
of war and the return of military personnel from abroad. Estimates of hazard 
varied widely, but the most critical epidemiological anal 3 rses anticipated little risk 
in most instances. This was the viewpoint also of the Interdepartmental Quar¬ 
antine Commission jointly established by the Secretaries of War and Navy and the 
Administrator of the Federal Security Agency to ^dy this problem. Precautions 
recommended by the Commission were established in special quarantine programs 
of the Armed Forces. 

With the end of fighting and return of the bulk of combat forces, it is now 
possible to review actual results on a preliminary basis. Optomistic conclusions 
appear warranted though tentative. No acute outbreak or secondary spread of 
non-indigenous disease has been reported to date in the United States and while 
more slowly evident infections may yet be identified it must be remembered that 
traffic and return have now gone on for four years.^ 

Malaria has always received priority consideration among risks to the public 
health of this country as a result of the war. Aiming primarily at maintenance of 
fighting efficiency, the Anw and Navy greatly emphasized prevention and sup¬ 
pression of this disease. Though malaria remained the commonest infectious 
disease of troops abroad, the 4G0,()00-odd reported hospitalizations of Army 

^Subsequent information requires revision of this statement. One soldier who arrived in 
San Francisco by air in patient status for neuropychistrio disease on 28 December, 1946, in the 
incttbationary stage of sfiiaUpox is considered the starting point of infection for six subsequent 
civilian cases. The made of first secondary infection is uncertain but apparently indirect. Two 
other mfiitary cases airived at this p»rt in patient status because of Bmallpox on 29 March and 
8 April, 1946; no apparent secondary infections occurred. In Seattle a diagnosed case of smallpox 
entered in patient status on 5 FAruary, 1946, and was hoimitalized immediately. The first 
secondary case was a patient in that hospital, vaccinated on 6 Febniary with a primary reaction, 
whose smallpox began on 16 February. Most of the remainder of m cases which occinred in 
Seattle seemed traceable to this second person; routes of infection in the remainder were uncertain. 
In Loti Angles a diagnosed case of smallpox entered 28 January, in patient status; no secondary 
infection occurred. A Customs official m San Diego was diagiK>sed as having smallpox about 
6 March, 1946; no de^te source was determined and secondary cases did not occur. 
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persc^d from the onset of war through December, 1945, are far bdow peaaimutic 
anticipation. As this figure includes both initial and recurrent infections, the 
total of persons involved was appreciably smaller. 

Malaria is not susceptible to practicable border quarantine, and prdonged 
detention of returning posonnd in segregation areas to avoid disaemiaation of the 
iidection among the general populace was deemed unfeasible and unnecessary. 
Considering that only a portion of persons infected abroad are liable to recuneoce 
after return to the United States (about 60,000 military ho^talizations to 1, 
July, 1945) and that these will be diluted amo^ the 130-Kxld milUons in the country, 
often in non-mahuia-supporting areas, it is eviwnt little comnninity ride is afforded. 
Multiples of this risk are offered annually by endemic malaria in the United States, 
and fears of exceptional virulence and resistance to treatment on the part of fordm 
strains have not been borne out. What risk does exist has been anticipated by 
the U. S. Public Health Service in extensive mosquito contrd projects in com¬ 
munities and about military instaUations in susceptible areas. Some returned 
military personnel will, of course, have recurrences of malaria, and local out¬ 
breaks may result as following jnevious wars, but these should remain minor and 
readily controllable by modern improved measures. 

Historical experience indicated the general risk offered even in normal traffic 
by cholera, smallpox, plague, epidemic typhus, and ydlow fever. Their special 
danger in war is a matter of record. These are the internationally quarantinable 
diseases, and safeguards established against them by international conventions 
recognize both their importance and their susceptibility to border quarantine 
techniques. Immunisations were emplojred against all of them by the Armed 
Forces along with water control, environment^ sanitation, and disinfection and 
insect control by newly developed methods. These precautions were exercised 
even under combat conditions, as parts of preventive medicine toward combat 
effkiency. Results were evident. Smallpox occurring in the Army overseas was 
limited to 115 cases along with 64 of typhus and 13 of chol«a thro^h December, 
1945. There were no cases of yellow fever or of plague. 

Elaborate quarantine procedures in traffic to the United States were established 
by both Services, based on selective aocomplislunent of the above protective 
measures before departure from abroad. Only seven cases of smallpox have 
occurred to date in Army traffic to this country, and most of these arrived in 
patient status with full attention to contacts. It is possible but not dear that 
some seconda^ infection has occurred in Seattle and San Francisco.’ One mild 
and atypical infection with typhus was reex^nised in hitns^ by a mediod <^oer 
on arrival in the United States after special work with the disease. Eleven typhus 
infections occurred among prisoners of war brought to the United States. No 
secondaipr. cases developed, all prisoners having been disinfested before shipment 
and again inspected on arrival. It is apparent that risk oi the quarantinable 
diseases has negligiUe.’ It may also be pointed out that several hundred 
cases of endemic sniallpox are rq>or^ annuaUy in the United States; twelve 
occurred among military personnel during the war. 

Eight lepers were returned from Army peisonnd abroad in the past four vears; 
all but one bad a previous family history o£ the disease and none axe canndered 
contracted abroad, (nine others were detected before shipment oversees). Three 
Japanese and one Italian prisemer were loirous and were ho^)iteliaed dimng thdr 
entire stay. Had all these been new and unrecognised infecte^s they would not 
have equalled the acknowledged risk in New York City alcsie. 

Scrub typhus or tsutsugamushi disease has beem reported in 6,800 cases. 
Other than one instance, no active infection has been recognised after zetum to the 
United States. This was to be expected from the dtort incubatem period of the 
disease and the fact it is usually contracted in amosure. Persons so occupied 
are not likely to return to this country suddenly. Nor are infected nfftos l^y 
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to survive transportation in clothing or salvs^ in view of their fragility. Sandfly 
fever, of which some 12,000 cases were lepoHed, is subject to similar limitations, 
and no cases have been recognized after return. 

Dengue is sporadic in certain southern states and a handful of cases occurred 
there each year among troops. No case has been recognized among persons 
returning from overseas to the continent. Nevertheless, the disease did occur 
in Hawaii beginnii^ in 1942, probably introduced by returnees from forward areas 
in the Pacific. Vigorous control was instituted in cooperation with Territorial 
authorities. The outbreak was well controlled, and no case has now been reported 
for several months. 

Pilariasis was much feared in some quarters early in the war, primarily as a 
hazard to troops themselves. All recogiflzed cases were evacuated from endemic 
areas at once and slightly over 2,000 diagnoses have been made in the Army. 
None of these cases showed chronic elephwtiasis which would be expected only 
from prolonged eiqxisure and repeated infections. Microfilariae have been found 
in the blood with the greatest rarity. Even concentration techniques have 
routinely failed to show them, and risk to the general populace is obviou^y negligible. 

Leishmaniasis has been diagnosed among hospital admissions 307 times 
including both cutaneous and visceral forms. No secondary cases have been 
reported. In view of the vigorous treatment accorded these infections and the 
necessity for all elements of an intermediate mechanism before transfer can occur, 
introduction of the disease into this country is most tmlikdy. The same pertains 
to relapsing fever, 220 cases of which have been reported almost evenly within and 
outside the United States. That it was predominately if not entirely tick-borne 
is suggested by the control of louse-infestation of troops, without which a different 
problem might have been presented. Self-limitation and fortunate susceptibility 
of the disease to therapy, and emphasis on control of lice and other insects among 
troops comprise the protection of our civilian population. Furthermore, relapsing 
fever, as mite typhus, is a disease of field conditions, and it is again improbable 
that persons recently exposed will often be retun^ within the incubation period. 
Once ill, they can be treated effectively before travel. 

Future risk of all disease charactmstically contracted tmder field conditions, 
will, of course, diminish with cessation of combat and with the advantages of 
essentially garrison life. This affects favorably the risk of all diseases so far con¬ 
sidered, and of numerous others, especially the dysenteries and dermatoses. 

Onchocerciasis, trypanosomiasis, Gumea-worm, and yaws have not been 
experienced in U. S. troops. In the last analysis the common illnesses abroad, 
induding the tropics, are those which are common at home, and with the exception 
of comlmt injuries the same pertains to disabilities in war. 

Schistosomiasis was contracted by some 1,200 men, mainly on Le^, and for 
reasons already indicated additional significant numbers nera not be expected 
hereafter, even among garrisons in infects areas. These cases have generally been 
mild, and because exposure was of limited duration the late cicatricial chan^, 
tirhich underlie the dittbility of indigenous cases, will probably rarely occur. For 
the same reason dissemination of ova should be infrequent, but principal protection 
of the homeland community will be afforded by its gjenerally excellent sewage 
disposal. Purthermofe, it has not been shown, despite intensive search, that any 
domestic snail is 4tdtable for the life cycle of the oriental disease in the United 
States.' In any event, risk from service perscmnel will prdsably not approach that 
associated with Shistosomiasis mansoni in imported farm labor from Puerto Rico. 

Amoebiasis and badlla^ dysenteries have occurred, too, but foreign strains 
have amieaied no mote virulent than those already widdy disseminated in the 
United States. It has already become evident that chief protection against these 
diseases, including Ancylostomiasu, lies in well recognised and widely applied 
principles of waste and water care. 
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Approximately 20 soldiers have been diagnosed as having Japanese-B 
encephalitis* Considerable apprehension attached to this disease and the small 
number of cases to date is highly gratif 3 rin^. Lack of established epidemiology is 
most impressive in ev^uating ri^ to this country. Despite demcmstration of 
mosquito vectors, the unknown rather then the known underlies our apprehension. 
This'has been true of many diseases in history. Much comfort is gained from 
the proved preventive value of distance, small numbers of carriers, dilution, and 
continuing military alertness and medical care. Should significant outbreaks 
occur abroad, it is axiomatic that the full military program of preventive medicine 
will be applied, including probable immunization. 

Much attention has been devoted by the Army and Navy to p^ible intro¬ 
duction into the United States of new species of vector insects. Disinfestation of 
aircraft was made a resprasibility of flight personnel under supervision of the 
Medical Department and is routine at stations of take-off for this country. To 
date there is no evidence that any alien form has been implanted. It is possible 
this might not yet be apparent. 

As previouwy stated, this report must be tentative. Nevertheless, favorable 
conclusions seem justified. Despite unprecedented breadth of travel and exposure, 
the military forces of this country in World War II have not subjected the United 
States to significant risk of disea^ from abroad. In many respects risk has been 
less than in normal prewar traffic. 

This has not been the result of any single factor, but rather of the entirety of 
* modem preventive medicine applied intensively by both Army and Navy. Exotic 
disease did occur and breaches of formal quarantine are acknowledged. But 
extensive investigation of likely hazards and critical application of preventive and 
corrective measures were effective in reducing risks to small proportions. This 
was undertaken first to preserve effectiveness of combat forces through protection 
of personnel in the field. Primary efforts were therefore directed to local risks 
and to men exposed to them. Measures included immunizations, protective 
clothing, insect repellents, water purification, waste disposal, mosquito and other 
insect control and additional environmental sanitation. The development and 
widespread adoption of suppressive medication and insecticides, and education 
of men and their officers to risks incurred were parts of this program. Quarantine 
precautions were established which took maximum advantage of the preventive 
care of the individual to assure safety to countries of entry. This was a 
re-orientation of quarantine procedure which is ordinarily directed at momentary 
observation when international borders are crossed. The military technique is 
fully applicable only when the responsible agency has control of the traffic through¬ 
out, but the principles involved should be of advantage in further development of 
international health measures. 

Further protection has been afforded the United States after entry of military 
traffic. Thus p^sonnel generally remain under military medical care for tte 
duration of the important incubation periods, hospitalization has been available 
for the sick, and none have been returned to civilian status until maximum benefit 
has been offered. This has minimized risk to the patient and to his community. 

A final link in protection of this country is the generally high level of sanitation, 
insect control, and medical care here available. Their continued assurance is a 
special responsibility of organized medicine. The total effect of the several factors 
herein discussed is a defense in depth baaed on broad application of preventive 
medicine, an essential field of medical science never so fujly developed as during 
the recent war. 
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Research in the general and special fields ot pathology during 1945 has been 
handicapped by World War II, with its great demand on manpower and the 
numerous pressing problems it put before the scientific minds of the nations at 
war. For this reason we find what little progress has been achieved in the fields 
of pathology nearly exclusively recorded in the North and South American liter¬ 
ature. For the purpose of a better survey, the contributions which impressed 
the reviewer as advances’’ in tlie fields of pathology will be discussed under 
the sections of: pathology of infectious diseases, intoxications, nutritional and 
metabolic disorders, circulatory disturbances, and diseases of unknown origin. 
Advances in the pathology of tumors, endocrine and nervous disorders are being 
reviewed by other memb^ of the symposium in the medical science section and 
will be therefore omitted. 

I. THE PATHOLOGY OF INFECTIOUS DISEASES 

One of the most interesting contributions in this field seems to the reviewer a 
series of articles by Cavelti and Cavelti (1) on the pathogenesis of glomerulo¬ 
nephritis. They were able to produce in 127 out of 208 animals truly progressive 
lesions of glomerulonephritis by injecting a mixture of streptococci with homologous 
kidney antigen. Twenty-four animals died in the stage of acute glomerulo¬ 
nephritis; in 27 the glomerulonephritis went into a latent stage, and in 34 animals 
slowly progressive chronic glomerulonephritis was observed. 

Another successful attempt to reproduce a frequently observed human infection 
in animals is reported by Clawson (2), who observed valvular lesions in rate after 
the intracardiac injection of Strep, viridens and Strep, hemolyticus. The lesions 
were not caused by the toxic effect of the organism, nor were they caused by an 
allergic reaction to the organism. Microscopically the lesions resembled closely 
those observed in acute rheumatic valvulitis in man. 

The pathognomonic ‘significance of the Masson body in rheumatic lesions of 
the lung were disputed by Herbut and Manges (3). From a study of 505 cases of 
unselected lung lesions over a period of 15 years, the authors concluded that Masson 
bodies represent intra-alveolar exudate in various stages of organization and are 
not specific for rheumatic fever or rheumatic pnuemonitis. 

In continuation of their experiments on the relationship between swine bru¬ 
cellosis and human Hodgkin’s disease, Brown, Forbus and Kerby (4) emphasized 
the similarity in the reactions produced in the lymph nodes of the hc^ by infection 
with the Brucella strain isolated from a human case of Hodgkin’s disease and the 
strain naturally occurring in swine. On the other hand, they admitted that they 
liave been unable to produce a disease entity comparable with human Hodgkin’s 
disease. 

In the field of fungus infections we find the interesting observation of Butt and 
Hoffman (6), who obt^uned close to 26% positive coccidioidin reactions in 700 cases 
admitted to the Sa^ta Fe Coast Lines Hospital in Los Angeles. Autopsy of cases 
with positive skin tests revealed nodular fibrous lesions in which spherules and 
endospores of C. immitis were present in 45.4% of the cases with positive reactions. 

The experiences of American doctors the Pacific and African theaters of war 
gave rise to numerous contributions in the’ field of patholc^ in tropical diseases. 
As an example we niay quote the study of Rifkin and Thompson (6) on the changes 
in early filariasis as ob^rved in cases received from various islands in the South 
Pacific. T^e acute stage observed during the invasion of the parasite is mani- 
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fested by typical alleivic reacticms which are alwa 3 rs local but may be also systemic. 
The subfunite stage of infection is characterized by the develmment of granulation 
tissue in the lymphatic organs harboring the parasite. *^6 chronic stage is 
characterized by nonspcK^ific fibrous oveigrowth in the areas of the degenerating 
parasites. The latter is then followed by lymph stasis and el^hantiasis. 

Also from the theater of the Pacific come our experiences with scrub typhus, or 
Tsutsugamushi disease. Allen and Spite (7) compared the pathblc^ ot scrub 
typhus with that of other ricksettsia diseases. The focal encephalitis in scrub 
typhus and epidemic typhus can be well differentiated from the microinfarcts of 
Rocky Mountain spotted fever. Only slight vascular damage is found in scrub 
typhus in contrast to epidemic typhus. The authors bdieve that the fibrinoid 
degeneration of collagen, the necrotic changes in lymph nodes and spl^n, and tlw 
acute diffuse glomerulonephritis are evidence of the action of allergens in ricksettsia 
diseases. 

Numerous papers deal with the pathology of virus diseases. Pinkerton, Smiley 
and Anderson (8) studied the cytology of infantile giant cdl pneumonia. They 
found cytoplasmic and nuclear inclusions which seemed identit^ with those seen 
in distemper infections of dogs and lower animals. This observation suggested to 
them a possible etiologic relationship between both diseases. 

Lucas and Riser (9) studied the intranuclear inclusions found in the panleuko¬ 
penia of cats. They found two types of granular nuclear inclusion bodies: clustered 
granular, and diffuse granular ones. Morphologically thes^ inclusion bodies are 
identical with those found in the liver of yellow fever and severe bums, but the 
developmental cycle of the inclusion bodies semns a different one. 

Lillie and Armstrong (10) studied the pathdogy of lymphocytic choriomen¬ 
ingitis in mice. If other routes of inoculation than the cerebral one were employed, 
the changes in the visceral organs were more striking. Fatty degeneration and 
focal necrosis of the liver, polyserositis of pleura and peritoneum, focal necrosis in 
thymus, spleen, lymph no^s and bone marrow were present in animals injected 
parenterally with the virus. Prom this study it appears probable that the 
spontaneous infections not using the intracerebral route of inoculation could 
produce visceral lesions more frequently, and that such lesions may well dominate 
the picture. 

Saphir (11) reported the autop^ findings of 17 patients dying from polio¬ 
myelitis. In 10 cases diffuse lyrnphocytic myocarditis was present, in 6 cases 
interstitial pneumonia was found, in 5 bronchopneumonia. Tm author suggested 
that the myocarditis, which can only be detected by microscopic examination, may 
be responsible for the sudden death of some patients. 

II. PATHOLOGY OF INTOXICATIOflS AND TKAUMA 

The interest the pathologist in lesions encountered in various industrial 
occupations is evidenced by a aeries of articles in the fidd. Haythom and Taylor 
(12) attempted to throw hght upon the prying f^ that in many cases patients 
with a considerable chemickl silica content in their lungs did not show any dinical 
or pathological findings of the disease. ^Uca was extracted from silicotic lungs 
under cardnil preservation of the physical and chemical status and injected into 
rabbits and ^(vunea pigs. Identical aperhnental lesioos were obtained as with 
crystalline silica. The^ experiments proi^ to the authors that silica recovered 
from the lung has not lost any its toxic properties by its “sojourn*’ through 
the body tissues. 

In studying the effect of beryllium intoxicarion, Gardner and Heslington <13) 
produced atrophy of the spleen, progressive chihosis of the liver, and cortical 
sclerosis of the long bones, spines, and rflba. Seven rabbits surviving the injection 
of zinc ber 3 dlium silicate for seven months devdi^ied malignant osteosarcomas 
with metatases in 4 animds. 
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Hirsch and Russell (14) reported the case of a furniture manufacturer who died 
with chronic progressive induration of both lungs which had the microscopic picture 
of lipoid pneumonia. Extraction of tl^ Itmgs with alcohol ether yielded a 
amotmt of shellacdike material which when injected into rabbits caused necrosis 
and a marked exudative and fibroblastic inflammation of the lung. 

The steady increase in the use of sulfa drugs and other antibodies has produced 
fatal lesions which have been studied by the path<dogist. Black-SchaSer (15) 
summarised the changes found in 5 cases of fatal sulfonamide intoxications as 
follows: vascular lesions ranging from intramural edema to necrosis of vessel walls, 
and cellular exudates in skin, renal pelvis, mediastinum, gastn>intestinal tract, 
and other organs showing macrophages in the stage of active phagocytosis. The 
author believes that both types of lesions are identical with those found in experi¬ 
mental protein anaphylaxis. 

Herbut and Scaricaciottoli (16) reported two fatal cases following sulfadiazine 
administration. '1^^ too emphasize the anaphylactic nature of the reaction, 
particularly of the diffuse hepatic necrosis. 

The recent catastrophe in Boston and the use of fire as a potential weapon of 
war reawakened the interest in the patihology caused by excessive heat. Moritz, 
Henriques, and McLean (17) studied the effect of inhaled hot air on the respiratory 
tract. They found that the burning of the ddn and mucosa of the mouth, together 
with fatal obstructive edema of the glottis preceded and prevented the appearance 
of thermal pneumonitis. 

Baker (18) studied 96 cases in which cutaneous burns or complications thereof 
were the chid( cause of death. The author emphasized the lack of specific histo- 
pathological findings and attributed most of the changes to shock, secondary 
infection, or in rare instances, hemoglobinemia. 

III. NimUTIONAL DISTURBANCES AND METABOLIC DISORDERS 

A very interesting paper regarding the liver changes in pellagra was published 
by Gillman and Gillman (19). The authors perfohned over 600 biopsies in 120 cases 
of various t 3 q)es of nutritional deficiency. In all instances they could find evidence 
of liver damage ranging from minimal fatty changes to severe and progressive 
cirrhosis with iron pigmentation. The authors speculated upon the cause of this 
iron retention and came to the conclusion that it represents a sign of a disturbed 
mitochondrial function. The^ also emphasized the diagnostic importance of 
pigmentation with cirrhosis (pigment cirrhosis) in cases of pellagra. 

The distribution of phosphatase in the liver under various metabolic conditions 
was studied by Wachstein (20). He found that the atrophic liver cells of starving 
animals and the hypertrophic liver cells of protein deficient animals showed an 
increase in alkaline phosphatase. Toxins disturbing the cellular metabolism, such 
as phosphorus and carbon tetrachloride, produced a decrease in the enzymatic 
activity of the injured lever cells. 

V Fitzgerald and Kinney (21) reported a case of rare metabolic disorder: intestinal 
lipodystrophy, or T^ipple’s disease. The case was complicated by the presence 
of an acute hemolytic anemia and leukocjrtosis. Undsay and Knorp (22) stu(fied 
a Case of primary sjmtemic amyloidosis, a condition much rarer in the United 
States than on the Continent. 

IV. PATHOLOGY OP CIRCULATORY DISTURBANCES 

The question of the importance of cholesterol in the production of arterio- 
sdercMis was reopened Poliak (23), who demonstrated that the lesioas produced 
in the rabbit aorta are comparable to the lerions in the human. Ligation of both 
carotid arteries, both jugular veins or of erne carotid artery and one jugular vein 
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produced lesions in the brain suggestive of hypertension. Those changes differ 
from the atherosclerotic lesions and can be explained by the impairment of the 
rate blood flow with concomitant changes in the intravascular tension. 

Interesting experiments in the field of hjrpertension are the successful attempts 
of Dick (24) to produce high blood pressure in dc^ by injecting intravenous doses 
of live streptococci from various sources. The kidneys showed the picture of 
benign nephrosclerosis with scarring of the surface, fibrosis of glomeruli, and 
atrophy of tubules. 

Plory (25) found 9 cases among 267 autoj^ies of persons with advanced athero¬ 
sclerosis of the aorta showing evidence of embolic occlusions of smaller vessels in 
various visceral organs (spleen, pancreas, and kidney). He could produce the same 
type of lesion by injecting material scraped from atheromatous ulcerations of 
human aortas in the pulmonary vessels of rabbits. 

Holyoke (26) studied 70 hearts with the injection technic of Schlesinger. In 
12 instances occlusion of branches of the coronary vessels could be found at several 
points. In all hearts showing narrowing of the coronary branches interarterial 
anastomoses could be demonstrated. The author believes that the prompt estab¬ 
lishment of such anatomosis could minimize greatly the danger of myocardial 
infarction in case of coronary occlusion. It is his opinion that other factors than 
simple coronary occlusion must play a part in the production of myocardial scars. 

The importance of proper peripheral circulation was stressed in a study on the 
pathology of trench foot by Friedman (27). He concluded that all injuries resulting 
from exposure to low tcmperatixre followed the same train of events. A disturbance 
in the circulat<^ mechanism leads to stagnation of blood in the smaller vessels 
with thrombosis and gangrene, which then becomes complicated by secondary 
infection. Permanent changes produced in these vessels by the first exposure is 
the cause for the delayed sensitivity to cold temperature. 

V. DISEASES OF UNKNOWN ETIOXXXIY 

In the field of diseases of unknown origin we may quote two studies which 
although they failed to prove the etiology advanced our knowledge of the diseases, 

Bevans (28) studied intensively two cases of generalized scleroderma. In addi¬ 
tion to the typical skin lesion she found myocardial fibrosis, perivascular and peri¬ 
bronchial fibrosis of the Iving, and extensive vascular lesions in the medium sized 
and smaller arteries of the kidney. There were also present an atrophy of the 
smooth muscle of the esophagus and patchy atrophy of the smooth muscle tissue 
throughout the intestinal tract. The author emphasized the vascular lesions and 
degenerative changes of smooth muscle tissue^ as important factors in the patho¬ 
genesis of the disease. 

Bayley, Lindberg and Baggenstoss (29) reported the first case of Loeffler's 
syndrome which came to autopsy. The syndrome, described in 1932, is char¬ 
acterized by a transitory pulmonary lesion which is usually interpreted as 
pneumonia, peripheral eosinophilia, and a good prognosis. A 59 year old woman 
complained of severe cough, restlessness and anorexia. Her blood count showed 
35% eosinophils, and the x-ray picture showed dense shadows in both upper lobes. 
The patient improved but recurrence of her symptoms brought her back three 
months later. Death occurred five days after her second admission. The histo¬ 
logical examination of the lungs showed nodular areas of fibrosis, eosinophilis, 
plasma cells, lymphocytes and some giant cells. Necrosis of medium sized and 
small arteries and veins was found with an exudate consisting largely of eosinophils 
and plasma cells. No evidence of a microorganism could be Found bacteriolcgically 
or histologically. 
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It has been said and repeated over and over again that “there is nothing new 
under the sun,” and so it seems to be, with what appear to be the recent discoveries 
and advances in this particular field. There have been some re-discoveries of old 
principles and re-apphcation of these principles to modem obstetrics and gyneco¬ 
logical surgery. There has 1)660 the application of relativdy new things m the 
fidd of general medicine and surgery to this particular q>e(nalieed field. There 
has been, too, the popularization of methods which have been preached and 
advanced by men of ouier years, yes, even of other generations, so that they are 
in common use today, whereas, five years ago they were considered either obwlete 
or the .Use of them, by a few scattered individuals, as the first signs of senility 
or psychosis. Indeed, there are not only a few if any new discoveries in this 
field, but in some instances a few steps “backwards” may be interpreted as a 
distinct advance. And I refer particularly to the discontinuance of the promiscuous 
use of the heterogenous gonadotrcmic hmrmone preparations dinically for their 
supposed beneficial effect upon the human ovary, as regards the stimulation of an 
abnormally functioning or a hypofunctioning ovary, as far as ovulation or the 
restoration of normal cyclic metabolism is concern^ (1). A very few years ago 
these substances, particularly the equine gonadotnmins and thdr use was report^ 
with great enthusiasm as a distinct advance in the fidd of gynecological endo¬ 
crinology. The use of these substances may cause far greater harm tiian any 
tempmary good. The]^ are still promoted by some commercial institutions and 
are still used by some inexperience clinidans, but their large scale use has, in all 
medical centers, long since been dropped. 

However, there has been some advance in the management of functional 
irregularities of uterine bleeding. It has been condusively shown that the use 
of Vitamin B complex used without any qiedfic endocrine therapy will bring 
about a cure in a large percentage of instances. It is interesting to note that 
some years ago, before the advent of specific endocrines for the management of 
this type of case, the treatment of the anemia, which was associated with profuse 
menstnial bleeding, had a beneficial effect, and this was particularly true in those 
cases in which the anemia was treated with crude liver extract. As the liver 
extract was' purified more and more it was found that the beneficial effect 
diminished, in fact, it was almost negligible insofar as the menstrual function was 
concerned. It was also found that a fat sohiUe by-product of the purification 
of liver extract seemed to contain a factor which also bad a beneficial effect upon 
menstrual dysfunction, and especially up<m a profuse menstruation. It was felt 
that this was the substance re^mnsibie for the change brought about by the use of 
crude liver extract. However, it is our experience that Vitamin B complex pro¬ 
duces much better effect than this so-called antimenorrhagic factor derived frcm 
the liver. It might then not be too far fetched to suppose that part of the beneficial 
effect attributed to the liver extract could have been due to an increased intake of 
the Vitamin B complex. Vitamin B co^lex in this particular aspect has been 
used alone or can be used only as an adjunct to the standard attack, that is the 
use of thyroid substance, attention to dik, exercise, and the Uke. 

In the field of cancer control generally, and eqiwially in the detection of early 
cancer in the so-called inaccessible organs and with particular reference to the 
educational campaign there has been a very great step forward in the early detec¬ 
tion of cancer at the cervix. This has bera cham^oned by £|r. MacFarlane and 
others in Philadelphia (2) and more recently by a Chicago group (3). Their work 
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is worthy of report here. They undertook to determitie the value of periodic 
pelvic examinations for the detection of cancer of the cervix in an earl;^ uid curable 
stage and in the detection of imflammatory lesitms of the cervix wmch may pre¬ 
dispose to cancer. By means of appeal to patients, women’s dubs, nurses’ auxil¬ 
iaries, social service agendas and the public at large through the press, 1,319 
volimteers were foimd. All were presumed to be well. ’They volunteered to come 
for examination twice a year for five years as a contribution to medical science. 
The examiimtion, intentionally, was kept so simple that it could be duplicated by 
any physician and consisted of a careful bimanual examination and a careful 
inspection of the cervix in a good light. Up to May 15,19^, 9,111 pdvic examina¬ 
tions had been made. In the first examination of these vdunteers, early cancer 
of the cervix was discove^ three times. 'The fact that these three cancers of the 
cervix were discovered in areas of papillary erosion and not in healthy non¬ 
inflammatory cervices was significant and lends great support to the theory that 
cancer can develop in these so-called areas of epithelial unrest. At the Chicago 
Clinic, of the first 600 patients examined, ten were found to have cancer of the 
cervix. Erosions of the cervix were found in 75 cases, with treatment advised, and 
two csmcers were fouixl elsewhere in the femrJe generative tract. The calling 
attention of th^ facts to the medical profession and to the public at large may 
result in the distinct advance of cancer control in regard to the female genitalia, 
but the real advance will only be made when the laity and the profession are taught 
that early uterine cancer is cureable; that time is important; that hormones do not 
cure all gynecological disorders; that menstruail irregularities during the menopause 
are not normal; that irregular vaginal bleeding at any age may indicate early 
carcinomatous changes, or that unexplained vaginal Dieting, especially pmt- 
menstrual bleeding, can be caused by cancer and does not always r^ult from endocrine 
deficiency, fibrcH<te and the like, although they may be associated with them, and 
that vaginal discharge in adults may be an early sign of a malignant condition. 
In regard to the treatment of cancer of the cervix, it is a well known fact that it 
has always been generally unsatisfactory, e\^ in early tumors. The original 
Wertheim operation for carcinoma of the cervix as practiced, perhaps beforej^ 
advent of what we may consider now newer surgical technique and post-operluve 
care, carried with it too high a mortality rate. Its favor gave way to radiation 
therapy entirely in many clinics and in fact the surgical treatment of cancer of 
the cervix has been until recently frowned upon by many. As the actual matter 
of fact, the result of the radiation treatment of cancer of the cervix has actually 
been no more satisfactory, except that the initial operative mortality was extr^ely 
low, but in those individuals who are not cured, tte mortality rate from tiie cancer 
was still 100 per cent. There has been a constant search, of course, for the ideal 
method of treatment. Taussig brought forward, several years a^fo, the combina¬ 
tion of irradiation with radical dissection of the l 3 nmphatics draining the cervix. 
By this comtoiation therapy, he felt that his results were better. More recently 
there has been restated the argument for surgical treatment of cancer of the cervix, 
especiaUy bjr Dr. Meigs of Boston (4). He has combined the original Wertheim 
radical excision of the internal female genital organs with the pelvic operation 
for excisitm of the lymphatics. Meigs has report^ an astounding survival rate 
of 96.3 per cent in cises in which there was no lymph node involvement by this 
<:^)eration and a corrected survival rate of 87.7 per cent of all cases. These are 
undoubtedly by far the best results obtained by radical operation for cancer of 
^e cervix. 

Recently reported (5) has been the e^ctremely high incident of all types of 
conffenital anomalies, probably most frequently occular and cardiac defects in 
babies bom mothers who has contracted rubeUa or German measles during 
the early months of their pregnancy. It is generally conceded that 100 p^ cent 
of mothers who contracted rubella the first two months of pregnancy will give 
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birth to infants with some form of cong^ital anomoly, and abofut 60 per cent of 
mothers who contract rubella in the third month have abnormal baoies. It is 
considered by some a very definite indication of therapeutic abortion if the mother 
has contracted rubella dining the first two months of pregnancy. Also very 
definitely indicated, is the avoidance of contact of women in early pregnancy with 
known cases of German measles. The use of immune globulin for the protection 
of women in early pregnancy, who have been expc^ed to rubella, has been 
advocated. 

Early postoperative ambulation, as we use it today and as it is being practiced 
more and more, is most certainly a distinct advance in the care of surgical patients 
and especially in respect to abdominal surgery. The reduction of postoperative 
complications and a much earlier feeling of well-being by the patient are distinct 
advantages. The incidence of postoperative thrombophlebitis, which is especially 
prone to fallow all types of pelvic surgery, and the incidence of pulmonary embolus, 
has been greatly reduced by ambulation. Abdominal distention, ileus and trouble¬ 
some gas pains are also greatly reduced by early ambulation. Pulmonary com¬ 
plications, such as atelectasis, pneumonia, etc., are rarely seen where early 
ambulation is practiced. Not too long ago patients were kept in bed as long as 
twenty-one days following a hysterectomy. It is now practic^ here and in many 
clinics to get the patient out of bed, or at least up on the edge of the bed, on the 
day of operation and to gradually increase their time up daily thereafter so that 
most of these individuals are ready to leave the hospital within seven to ten days. 

The newer forms of chemotherapy, sulfonamides and penicillin and its related 
compounds have reduced the mortality rate and the long time morbidity rate of 
the one time dreaded child-bed fever to almost nothing. The same may be said 
in regards to the reduction of the incidence of breast abscess in the puerperium. 
In addition to this, treatment of the acute pelvic inflammatory disease in the post- 
abortion state and that which is primarily due to gonorrhea, with these drugs, has 
reduced remarkably the number of patients coming to surgery because of the 
sequalae of these infections. The^resolution which is seen in some of these indi¬ 
viduals with acute inflammatc^ disease of the pelvis is almost unbelievable, 
when they have been treated with these drugs, and especially the combination of 
the sulfonamides and penicillin. 

Continuous caudal anesthesia has become quite popular in many clinics in the 
past five years and has been rather widely used. This is shown by the fact that 
over 100,000 deliveries with this method have already been recorded in the liter¬ 
ature (6). This method is not, however, without danger and disadvantage. It is a 
highly specialized form of anesthesia and entails among its dangers, death. Briefly, 
it is a method devised to maintain continuoudy access to the caudal canal through 
which an anesthetic agent can be administei^ intermittently during labor and 
over a relatively long period of time. The chief advantage of continuous caudal 
anesthesia are the abs^ce of depression in the baby, low toxicity to the mother 
and the complete absenc.e of pain during the uterine contractions and delivery. 
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RECENT ADVANCES IN CARDIOVASCULAR DISEASES 

DONALD M. MAHANNA, M.D., 

Department of Medicine, The Ohio State University 

In the field of congenital heart malformations, several recent advances in 
treatment have altered our approach to what was once considered a hopeless 
problem. Some years ago Gross first introduced surgical intervention in the treat¬ 
ment of a patent ductus arteriosus. This communication between the aorta and 
pulmonary arteries normally closes shortly after birth. The persistence of a 
patent duct seriously alters normal adult cardiovascular dynamics. Although some 
patients live a comfortable life, most of them develop subacute bacterial endo¬ 
carditis or progressive congestive heart failure. Gross (1) conceived and perfected 
the surgical technique of ligating the patent ductus with a minimum of operative 
risk. Although the procedure is not always technicdly possible, the results in a 
great majority of patients are highly gratifying. The indications for surgery are 
subacute bacterial endocarditis or beginning cardiac embarrassment. 

Within the past two years Blalock and Taussig (2) conceived the idea that 
perhaps an arterial shunt could be created to circumvent a congenital stenosis of 
the pulmonary artery or valve. The children suffering from this lesion are pitiable 
creatures, with their intense cyanosis, severe dyspnea and clubbed fingers. The 
technique, after careful experimental studies, was finally carried out in children 
with an otherwise hopeless prognosis. It consisted of anastomosis of a large 
arterial branch of the aorta to the pulmonary artery or one of its main branches 
beyond the point of stenosis. Preliminary reports are very encouraging. 

Gross and Hufnegel (3) have reported resection of the area of atresia for correc¬ 
tion of coarctation of the aorta. This procedure involves much more difficult 
surgery and there is no series of cases to present as a basis for discussion. But 
the ice has definitely been broken and much more accurate differential diagnosis 
of congenital heart lesions is desirable in order to uncover those that might now or 
in the future be amenable to surgery. 

There have been several recent advances in the field of acute rheumatic fever 
and rheumatic heart disease. Most reports indicate a favorable response in the 
prevention of acute rhetmiatic fever by small daily doses of Sulfadiazine. An aver¬ 
age of 0.5 to 1.0 grams daily is considered as adequate dose. Toxic reactions are 
few but the blood count should be followed at frequent intervals. There is some 
question concerning the development of sulfa-resistant strains of streptococci; this 
problem has not b^n settled. However, we do know that sulfa drugs are contra¬ 
indicated during or within three months after an attack of acute rheumatic fever. 
The possibility of appljring the same principle to the use of oral penicillin offers 
hope in the future of perhaps several agents to reduce the acute recurrence of this 
disease. 

Cobum (4) has re-opened the question of the therapeutic value of salicylates in 
the treatment of the acute stage of rheumatic fever. He has recently treated a 
series of cases with massive doses of salicylates and is convinced that cardiac 
involvement is lessened and the duration of the acute stage shortened. This also 
re-opens the question of the fundamental effect of salicylates on antigen-antibody 
reactions in body and, hence, on the prophylactic as well as therapeutic effect 
of salicylates on the hypersensitive rheumatic fever patient. There is not general 
a^fteement on this subject but the prospect qf a more favorable course of the acute 
disease appears to be worthy of close scrutiny. 

The past two years have seen the only real advance in the treatment of sub¬ 
acute biK^terial endocarditis. Before the use of penicillin, I had never seen even 
one patient recover from this disease but in the past two years have indicated 
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recoveiy 5n 25 to 75 per cent (5). The dosage of penicillin necessary, the methods 
of administration and the length of treatm^t have been pretty wdl worked out. 
Three hundred thousand to one million units daily by continuous intravenous or 
intrastemal route for a period of six weeks seems at this time to be the most satis¬ 
factory regimen. The most important points to be remembered are: 1, the earlier 
the diagnosis is made the better the prognosis; 2, the daily dose should be optimum 
ratliCT than minimum; 3, treatment should be continu^ for several weeks after 
negative blood cultures have been obtained, and 4, anticoagulants are of no value 
in the therapy and are in fact definitely contraindicated. 

The prevention of subacute bacterial endocarditis following nasal and or^ 
surgery and extraction of teeth in known rheumatics is an equally great stride in 
therapeutics. Perhaps it would be proper to say that it is more important than 
treatment of the disease. Sulfadiazine 1 gm. every four hours for twenty-four 
hours before and forty-eight hours after su^ procedures is the present method 
choice. It should be routine practice to stress to all our known rheumatics the 
dangers involved and the importance of proper prophylaxis even though the extrac¬ 
tion of a tooth may seem a trivial procedure. Perhaps in the future oral penicillin 
will supplant sulfa drugs. 

In s^te of intense study of the caxises and treatment of hjmertension by many 
investigators, there is little for me to report. The status of medical treatment 
has changed but little. Surgical treatment by sympathectomy has been the 
subject of much controversy; some patients so cperat^ have seemed to respond 
nicely whereas others presenting a nearly similar clinical picture have not. In 
the past the cold pressor test, the pentothal anaesthesia test and ^inal anaesthesia 
test have been u^ singly or in combination in an attempt to select for surgery 
those cases which might, on the basis of the results of the tests, be expected to show 
optimum improvement. Postoperative results have not been uniform. Russek, 
Southworth and 2k)hman (6) recently reported a new procedure for the prediction 
of a favorable or unfavorable response to sympathectomy. Their method employs 
the use of continuous caudal anaesthesia udiich may be maintained at any segment^ 
level. The results of blood pressure determinations during anaesthesia are rqiorted 
as a reliable index of the re^onse to surgery in aiqnoximately 90 per cent of cases. 

Wright (7) reported recently erf a neurovascular syndrome due to hyper- 
abduction of the upper extremity. He found changes in the ^ae in apprmdmately 
84 per cent of normal young males when the uj^ier extremity was placed in this 
position. Some of these complained of numbn^, tingling and pain when the 
arm was maintained in this position for even short periods of time. Wright felt 
that most persons would return the arms to normal position even (hiring sleep but 
he reported several cases which bad severe daylong disability due to continued 
maintenance of hyperabduction during sleep. One (n his cases had tropic (dianges 
in the finger tipe b^ause of prolonged interference with circulation. etiology 
is distinct from the scalenus anticus syndrome and results from the phudiing of 
the subclavian artery and brachial plexus between the first rib, pectoralis muscle 
and clavicle when the upper arm is hyperabducted. 

In the treatment of congestive heart faihue, I feel there has been a recent 
very outstanding advance, one which will help to dear u^ some of the confusion 
about variation of potency of various digitiuis pfeparauona. Cr3rBtalline Digi- 
toxin is available in tablet and ampule form under various trade names. In 
contrast to oral digitalis leaf this preparation is completdy absorbed in the G-I 
tract and 100 per cent of tiie drug administered is utilisM; it causes very few 
undesirable symptoms such as malaise, aneneada, nausea and vomiting. Massive 
single-dose or intravenous digitaitestiem can be easily aocom^iahed as a 
routine measure with great safety. The dose is 1.2 cogm. to 1.6 mgm. or six to 
eight taUets; maintenance dose is 0.1 mgm. or 0.2 mgm. or one-half to one tal^. 
In my experience it is tolerated by elderly patients much better than digitalis leaf. 
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It is probably the best product for routine use because of ease of dose calculation, 
ease of administration and better tolerance. 
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PHYSIOLOGY 
DOUGLAS E. SMITH, 

Department of Physiology, The Ohio State Univenity 

In this paper an attempt will be made to describe some of the recent advances 
in the physiology of both the nervous system and the endocrine glands. While 
the peculiar interests of the author dictated the selection of materud, it is hoped 
the subjects chosen are (rf general interest. , 

Tht pUuUary-adrmal control of the roUase of antibodiet from lymphoid tissue. 

One of the more interesting recent contributions to physiology has been the 
demonstration of a functional relationship between two of the endocrines and the 
activity of lymphoid tissue, ^ce the presmt concepts are based on seemingly 
unrelated investigations in fields far-removed from each other, it is considered 
desirable to brieny review the more important points upon which these ideas 
are based. 

As a result of careful correlation of the isolated data of previous workers and 
crucial experimmts of his own, Selye, 1936, introduced the concept of an “alarm 
reaction," a typical aeries at events ted^g place whenever the organism is subjected 
to severe stresses or damaging agents. (1) As a part of this reaction the lymphoid 
tissues, lymph nodes, thymus and spleen undergo invcdution, while the adrenal 
coMex hypeotrophies. It was also established by Selye (2) that the lymphoid 
tissue changes m the alarm reaction do not take place if either the pituitary 
or adrenals are absent. The nature of this dependence of the lymphoid tissue on 
the adrenal and pituita^ was shown by Oou^ierty and White (3) who found that 
anterior pituit^ cortiootrtmhic factor cau^ atrophy of the lymphoid tissues 
when injected into intact animals, but not when adnunisteied to adrenalectomised 
animids. They furthea: found tiut administration of adrenal cortical extract or 
corticoeterone causes involution of lymphoid tissue. Iltese focts taken together 
irith tile histochemical finding of a greater secret^ activity of the adrenal (3, 6) 
during the alarm reaction, show that the lymph<^ tissue involution comes about 
beoscute of an increased output of adrenal hormone, the release of which is under 
the coatnti of the pituitary. 
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The story does not end at this point, for it has also been observed that a lympho¬ 
penia accompanied by an increase in the concentration of tte plasma proteins 
occurs during the alam reaction (3, 4, 6). The lymphopenia is accounted for by 
the failure of the involuting lymphoid tissue to deliver ample l 3 miphoc 3 rtes to the 
blood stream because of liquefaction and dissolution of stored lymphocgrtes, while 
the increased plasma protein is considered to come from the destro}^ l 3 nnpho- 
cytes. Electrophoretic studies have shown that this extra plasma protein consists 
largely of anti-body containing gamma globulin (6). Confirmation of the impor¬ 
tance of the lymphocytes as producers of antibodies has come from the work of 
Harris et al. (7) and Rich, Lewis and Wintrbbe (8) who employ^ immunological 
techniques. When these latter findings are taken into account it may be finally 
said that the pituitary acting through its influence on the adrenal controls the 
release of antibody globulin from the lymphoid tissues. 

Relationships between hormones and enzymes. 

An ajppr^h to the problem of the mechanisms by which hormones really 
exert their effects has been made through the study of hormone-enzyme relation¬ 
ships. The logic for undertaking such studies is clear when one considers the fact 
that hormones alter the metabolism of tissues and that enzymes are ultimately 
responsible for the energy transfers involved. Since changes in the concentrations 
of enzymes might well account for the changes in metabolism, the concentrations 
of various enzymes have been studied in different endocrine states. A number of 
such relationships have already been demonstrated, e.g., the concentration of 
c 5 rtochrome-c decreases after adrenalectomy and can be restored by the admin¬ 
istration of adrenal cortical extract (9), liver alkaline phosphatase concentration 
is increased in dogs with alloxan diabetes (10) and estrogen injections lower the 
serum acid phosphates in intact animals (11). Since only a few enzymes in but a 
small numb^ of endocrine states have been investigated, one expects to see much 
activity in this field in the future. 

One should not leave a consideration of the hormone-enzyme relationships 
without mentioning the vitamins, several of which (nicotinic acid, thiamine, 
riboflavin and possibly ascorbic acid) go into the make-up erf enzymes and co¬ 
enzymes (12, 13, 14). Furthermore, it is known that deficiencies in these vitamins 
result in lowered concentrations of certain enzymes and co-enzymes and thus 
decreases in the metabolic activities dependent upoti them (12, 13, 14L In view of 
the fact that the levels of both hormone and vitamin exert an influence on the 
concentration of enzymes, it is apparent that much future investigation should be 
carried out to determine the details of the relationships between these three 
substances. 

Adrenal ischemia and hypertension. 

It has recently been found that unilateral subtotal ligation of periadrenal blood 
vessels and tissues results in the development of an hypertension, which is apparent 
after one to three days and which lasts for months (15). In view of the important 
facts emerging from the study of tjw ischemic kidney, one expects thorough 
exploitation of this ischemic adrenal preparation. 

Acetylcholine and conduction of the nerve impulse. 

During the past few years a theopr relating acetylcholine to the conduction 
of impulses along nerve fibers has arisen. The facts upon which the theory is 
based afe: (a) Nerve fibers contain and can synthesize acetylcholine (16). (b) nerve 
fibers contain cholinesterase (17), (c) acetylcholine possesses the ability to 
depolarize membranes (18, 19, 20). The theory states that the stimulus to the 
nerve fiber results in the release of acetylcholme which depolarizes the neural 
membrane rendering it permeable to all ions; this results in the generation of an 
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action potential which stimulates the adjacent region of the neuron and brings 
about the release of acetylcholine there, thus repeating the whole process. The 
cholinesterase present destroys the acetylcholine allowing the membrane to recover 
its polarization. 

The authors of recent experiments (21, 22) suggest a drastic modification of 
this theory. They state that the action potential is due solely to acetylcholine 
and that the old Bernstein theory of the polarization of the neural membrane by 
inorganic ions is untenable. 

Synthesis of acetylcholine. 

Much recent work has been done to show that the synthesis of acetylcholine 
by brain and nerve depends upon the presence of both adenosinetriphosphate and 
an enzyme, cholineacetylase (23). ' 

The autonomic nervous system. ' 

Brief mention should be made of a new concept of the functions of the sym¬ 
pathetic and parasympathetic systems in dually innervated organs. The old 
ideas of the dual innervation by t^ sympathetic and parasympathetic systems and 
the fimctional antagonisms of these two systems appear to be false. In dually 
innervated structures such as the iris, the gastro-intestinal tract and the urinary 
bladder, it has been shown that the sympaSietic system exerts its influence solely 
on the blood vessels and the parasympathetic through actxxal innervation of the 
smooth muscle of the organs (24, 25, 26), 
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RECENT ADVANCES IN OTaLARYNGOLOGY 


W. J. MILLER. 

D^artment of Otolaryngology, The Ohio State Univetsity 

The most striking advances in Oto-Larsmgology in the j^t year have been in 
the use and administration of Penicillin and the application of radium to the 
naso-phaiynx. 

Aerotitis is due to the inability to ventilate the middle ear. Otalgia is the 
first symptom, and may be so severe as to cause unconsciou^ess, shock, nausea, 
vomiting and vertigo. Uabyrinthrine damage seems inevitable mth such a 
violent accident. After pain subsides, there remains a loss of hearing with stuffiness 
or pressure deep in the canal (1). 

Appearance of the drum parallels the symptoms. The membrane tympani 
is usually hemorrhagic and retracted. Hemorrhage may be in the drum or in the 
middle ear. The hemorrhage changes color with time, becoming a deep red and 
later a dark blue, while the ossicles stand out white against this background. It 
takes about three weeks to recover. 

Hearing loss is a prominent symptom. There is no characteristic curve but 
the t)T)e of deafness is conductive with a negative Rinnee and Weber is lateralized 
to the involved ear. 

Serous otitis may follow, fluid accumulates under negative pressure and it 
may shift with the change of position of the head. This changes the hearing 
as it leaves the vital structures. 

The hyperplastic lymphoid tissue in the naso-pharynx is the most common 
cause of eustachian tube malfunction. L 3 unphoid tissue r^resses after radium 
therapy about the eustachian tube. It removes not only the mechanical factor 
which predisposes to aerotitis, but also tissue that harbcm {»th(^:enic organisms 
that precipitate attacks of naso-pharyngitis. This lymphoid tissue abwt the 
eustachian tube is the most common cause of conductive deafiiess in chihlren and 
predisposes to repeated attacks of otitis media. Of 6,881 (2) men, 74% were 
benefited and 89% showed a marked decrease in adnoid tissue, definite improve¬ 
ment in hearing, and in the ability to ventilate the middle ear. 

Dr. Lempert (3) offers a new theory and suggests that tinnitus aarium in many 
cases and under certain conditions may be due to a tonus impulse transmitted 
to the inner ear by disease of the ampathetic ganglion cells of the tympanic 
plexus; Based on this new theory, Tympano-Sympathectomy is recommended 
for the relief of tinnitus aurium. 

A Surgical technic by which Tympano-Sympathectomy may be performed 
without disttubing the hearing has been successfully employed. 

Not all cases of tinnitus are embraced by this theoty, and there is no d^nite 
way as yet to select the cases which apply. NeverthesM, of fifteen patients on 
which Tympany-Sympathectomy was pmormed, ten are now completely free 
from tinnitus. Patients selected had severe, persistent tinnitus for one year 
duration or more, and were unable to concentrate because of its intensity. 

Dr. Lempert (4) reports over 1,000 patients with clinical otosclerosis that 
have been treated by fenestration of the iabymth in the last seven years. In the 
last 700, the fenestra nov-ovalis was created in the surgical dome the vestibule. 
Practical, serviceable hearing for all social and econotnical purposes was restored 
and continuouslv maintained in about 50% of Xbe cases. 

Closure of the newly created fenestra by new bone formation, and damage 
to the organ of Corti as a result of serous labyrinthitis, were found to be ^ two 
major obstacles. Bone formation may be stopped by cartilage si^Tifie. 



No. 4 


OTo-uutvNGouxnr 


237 


Day (5) reports approximately 80% of patients get serviceable hearing if one 
selects patients under forty-five years of age and with bone conduction of not less 
than 15 decibels in speech range. He does not use cartilage stopple. 

Shambaugh (6) ms an average of 25.7 decibels improvement in 321 cases 
operated, using the nov-ovalis technic of Lempert modified by constant irrigation 
oi the field and the use of the binocular dissecting microscope while the fenestra 
is being made. 

If a mastoid is operated, closed and a ureteral catheter placed in the mastoid, 
then irrigated wth 10,000 units of Penicillin of 2 c.c. volume every eight hours for 
four days, it will be completely cured as reported in eighteen of the twenty-three 
patients tried (7). 

External otitis is often a difficult disease to treat. This is due to fungus infec¬ 
tion, humidity, temperatiue and secondary infection by different organisms. 
Thymol 1% in Cresatin will control 80% of the fungus cases, and the cellulitis of 
the canal will respond to Chemotherapy if gram positive organisms are present. 
Some of the foulest ears are sulfa resistant and are infected with B. pyoeyaneus, 
which will respond in 48 hot^ upon packing with 6% Sodium Thiosulfate (8), 
followed by a 2% Acetic Acid pack for five minutes. This must be continued 
for several days to prevent recurrence even though the canal looks normal. 

Penicillin solution of 250 units per c.c. has no effect on the ciliary beat, which 
normally lasts from 25-28 hours. Using 500 units per c.c., the ciliary beat was 
reduced to 15-19 hours; 5,000 units per c.c., the beat was reduced to 3-6 hours. 
Therefore, a weak solution of Penicillin has no damaging effect on the cilia or 
epithelium of respiratory mucosa (9). 

Two c.c. of Penicillin (1(1-20,000 units) with 1 c.c. of 1% Novacaine injected (10) 
into an early peri-tonsillar swelling will give marked relief from pain in 2-3 minutes 
and the patient can swallow without discrnnfort. 

Penicillin 1-3(X),000 units, single dose per day, in peanut oil and .02 gm. Nova¬ 
caine has proven very satisfactory as an diice procedure to oombat infections 
caused by Penicillin sensitive organisms. This leaves the patient ambulatory, 
quick recovery and no side reactions except ddayed sore arm in some patients. 
(Jtitis media, serous otitis, acute sinusitis, septic mroat and Vincents, all respond 
faster than those cases in which sulfa was use^. 

J. R. Richman (ID repcuied a new treatment for esophag^ obstruction due 
to meat impadion. There were 17 cases treated by oral ingestion of a proteolytic 
ens^e, {lApain powder. Twelve were relieved in an hour and a half, some of these 
within thirty mmutes. The papain digests thirty-five times its weight of meat. 
I have used this four times in the last three months in patients who were very poor 
risks for esophagoscopy, and all were completely relieved of the obstruction within 
half an hour. 

In bilateral adductor paralysis following injury to both recurrent nerves, the 
King or Kelly operations to abduct the cords have been indicated. Murtagh (12) 
shows us that by cutting the external branch of the superior laiyngeal nerve, which 
supplies the crico-th 3 rroid muscle, the cords shift permanently to a position of 
aliduction. 

Inoperable cardnoma of the larynx may respond to X-ray therapy by Coutard 
method, using 4-fiOOO Units, after complete removal of tne thyroid cattles. 
Arbuckle reported 18 hoses recently. I nave 2 cases with complete regression of 
the neoplastic tissue, but only two 3 rear 8 after treatment. This offers new hope 
for the advanced cases of carcinoma of the larynx. 

A large proportion of patients seen in the office practice of otolaryngology 
from chnmic nasal allergy, frequently .complicated by a supei^posed infec¬ 
tion. The best therapeutic results can be obtained when treated simultaneously. 
History, stained nasal smears, skin tests, elimination diets, and therapeutic tests, 
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aid in the diagnosis of nasal allergy. Sensitivity to house dust is more frequently 
encountered than generally recognized and the therapeutic response to it, is very 
satisfactory in a great majority of cases. 

Aerosinusitis is an acute or chronic inflammation of one or more ns^ acces^ry 
sinuses, produced by barometric pressure difference between air inside the sinus 
and that of the surrounding atmosphere, and it must be differentiated from purulent 
and catarrhal sinusitis. History of a recent flight is often a deciding factor but 
X-ray, disclosing opacity or thickened membrane in absence of previous sinusitis, 
sudden pain over the sinus, epistaxis, during or after exposure to baratrauma, and 
no previous rhinitis, is extremely suggestive. Aerosinusitis usually responds to 
vaso-constriction, but poljqjs or other obstruction must be eliminated, and at times 
Caldwell-Luc is necessary. 

In the management of chronic sinus diseases, simple measures, if properly 
applied, suffice in 97% of the cases. Attention is concentrated on the drainage 
area of involved sinuses and ril efforts are directed toward restoration of function 
of the ostca. In most cases of few months duration, the opening itself is not at 
fault, but rather,''the trouble lie^ in relation of adjacent tissue to the opening. 
The defects may be anatomic or pathologic. Most common is a blocked middle 
meatus by an impinging middle turbinate wedged against the lateral wall, septal 
deviation, spurs, cellular turbinate, etc. In pathological groups, edema from 
allergy is most prominent in which case the mucus membrane may swell 50 times 
its normal thickness in a few hours and easily block the ostium. Swelling may be a 
Vasomotor reaction to an endocrine imbalance, G.I. disturbance, or some other 
systemic condition. 
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BOOK NOTICES 


k N«w Text Book of Gonetke 

There is a very complete presentation of modem genetics, written by one who had the good 
fortune to be a member of the Drosophila ^roup at Coliunbia University during the formative 
years of the science. Although l>ro 80 (>hila is usM to a large extent throughout the book, many 
examples from human inheritance are interspersed, as well as instances fi^ domestic and lab¬ 
oratory animals, and plants. The style is clear and simple, and the book is written with the 
viewpoint of the student continually in mind. Excellent drawings and diagrams clarify all 
difficult points. 

The Drosophila system of gene nomenclature is used, a fact which in the opinion of this 
reviewer offers the greatest drawback to the usefulness of the text. Fortunately all geneticists 
do not share this writer's avennon to the -f as a gene syrntwl. Excellent summaries follow the 
texts of the chapters, and well thought out problems are appended to each chapter. NoTcferences 
are given. A few typogmphical errors appear, but the book is remarkably free from them. 
Particularly good di^ssions are presented of chromosomal aberrations, mutations, and the 
bearing of genetics on development and evolution. The book is as complete and modem as a 
text could well be,—L. H, Snyder, 

GeneticSi by Edgar Altenburg. xu-f'452 pp. New York, Henry Holt and Co., 1945. 


Check Lilt of Cicidellidae 

The first attempt at bringi^ together the species of thk family Cicadellidae since the publica¬ 
tion of the catalogue by Van Duzee in 1917 appeared in mimeo^aph form in 1987 under the 
authorship of Deling and Caldw^l. Since then generic revisions based on structural characters 
have reffuSted in many new spMes and some new ^onomy. All these changes and additions 
have been incorporated into this new recently published Check List. 

It lists 175 genera and 2276 species, varieties, and subspecies occurring north of Mexi(x> 
Synonomy as given in the Van Duzee catalogue is not repeated. Original literature on each 
species is cited by number from a list near the end of the paper which saves repetition of wording 
names of journals or other places of publication. The s^iffc names under each genus are 
alphabetic which simplifies the locating of a particular species. 

A s^gested list of generic papers on the family and an index to genera completes the 
publication. 

This is an invaluable tool for those interested in classification of insects and especially those 
who are actively engaged in studies on the taxonomy of leafhoppers .—Ralph H, Davidson. 

Check Lilt M the Ckidellidie (Hemoptm) of America, North of Mmdeo, by Dwight M> 
peLong and Dorot^ J. KnuU. 102 pages. 1946. Ohio State University Graduate School 
Studies. Biological Science Scries No, 1. Paper bound. $1.50. 
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INTRODUCTION 


To the geologist there are no everlasting hills. Ttie relief fe^Kures of the 
earth's surface as we find them today are the result of the work of geologic i^ents, 
such as running water, wind, glacial ice; working,by geologic processes such as 
weathering, erosion, transportation, deposition; on'gedogic materials, the rocks; 
through long interims of geologic time. An even j^-line in a rugged region, a 
level bench on the side of a valley, an asymmetrical ridge and similar features, all 
have meaning and invite interpretation. 

Everyone Hiay experience pleasure in seeing the beautiful colors, the symmet* 
rical forms, or even the fantastic shapes in scenic features but if one may also 
interpret and decipher the ori^ and history of these features, how much greater 
the pleasure and satisfaction d^ved, and the increased appreciation of the scenic 
features. 


The Grand Canyon of the Colorado as a scenic feature is beautiful in color of 
rock material and impre^ve in magnitude, but the Grand Canyon as the work 
of the river which occupim it; downcutting and dissecting during 10 to 20 million 
yOus; exposing in tiiis downcutting, ro^ units whidi differ in lithology, in 
Btaucture, age and origin; rock units whu^ by enclosed marine fossils record 
periods of sea incursion; rode units which by other characteristics record deposition 
in land conditions ;4)eriods of mountain building when rock strata were tilted, 
faulted, metamorphoKd and intruded with igneous uvas; periods of long continued 
erosion when great i^cknesses of rock strata were worn away and larm areas 
reduced to levd peneplains; when one sees all this in the rocks of the Grand Canyon, 
invdv^ a duration of perhaps a billion and a half years, how much more 
fanpreasive, how much more awe-inspiring the Grand Canyon becomes. 


*Addran of ths retiring Preddeat of the Ohio Academy of Sdence, delivered at the annual 
meetlRg of the Academy held in Colurobua May 8, lOM. The ^Uioition of the illustrations 
aoQOQiMnrlag this p$per is nude possible by a grant tom the John A. Bownocker Endowment 
of uuDcparaneat of Geology, The Ohio State University. 
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Fig. 1. Geoloric map of Ohio showing the areal distribution of the several systems. 
Below is a west-east cross section through, central Ohio. 

(Geol. Surv. Ohio). 
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SOME BASIC FACTS AND PRINCIPLES 

The larger units of the standard time scale are shown in Table I, those units 
present in Ohio being in italics. All the bedrock units exposed in Ohio are 
of Paleozoic age, the third or middle one of the five great eras are of geologic time. 
The exp^d rock strata range from Ordovician, the second period of the Pideozoic, 
to Permian, the last period of the Paleozoic. 


TABLE 1 


Geologic Time Scale 


Era 

Period 

EsHmated 

Duration 

1 

[RECENT... 

in Years 
26.000 

CENOZOrC . 

PLEISTOCENE (Glacial). 

1.000.000 

1 

TERTIARY. 

60.000.000 


CRETACEOUS.. 

65.000,000 

MESOZOIC.. .. 

JURASSIC... 

TRIASSIC.. 

36.000.000 


36.000,000 


[PERMIAN... 

25.000,000 


PENNSYLVANIAN,... 

45.000.000 


MISSISSIPPIAN,. 

40.000.000 

PALEOZOIC. , 

DEVONIAN... 

50.000.000 


SILURIAN.. 

40.000.000 


ORDOVICIAN. 

86,000.000 


CAMBRIAN... 

70,000,000 

PROTEROZOIC. 


650.000.000 

ARCHEOZOIC. 


650.000.000 


The distribution of the several rock systems as they appear at the surface ui 
Ohio is shown on Figure 1. The rudely Iwlted arrangement of outcrops is due to 
a long north-south upward fold or anticline, w|th the axis extending through 
western Ohio from just east of Cincinnati to the western part of Lake Brie. This 
fold, called the Cincinnati anticline, is the dominant structural feature in the 
geolc^ of Ohio. It is a very broad fold with very gentle dips to the east and west, 
commonly about 40 feet drop per mile. The general features of this anticline are 
shown by the cross section slmtch at the base. 

The older rocks, the Ordovician and the Silurian, crop out along the axis of 
the anticline. As these older s)^tems dip off to lower levels to the ^t, suc¬ 
cessively higher and therefore younger ^tems, appear at the surface and in turn 

eastward beneath younger strata. The same relations exist to the west of the 
axis but that is lar^ly beyond the state boundary. 

A column of principle rock formations exposed in Ohio is shown in Table II, 
grouped by systems. Hie three lower syistems, Ordovician, Silurian, Devonian, 
Oflt dominantly limestone. The three higher 83 i 8 tem 8 , Mississippian, Pennsyl¬ 
vanian, Permian, are dominantly sandstone and shale. 

. TABLE II 

PuNaPAL Rock FoiuunoNS op Ohio 

Pennian system 

Green sh.—ss. (msay members).... 

I Washington sh.—ss. (many members). 

Petmsylvenian system 

Monongahela sh.—es.-4s.—coal (many members).. 

Cmiemaagh sh.—ss.—Is. (msay members). 

Allegheny eh.—ee.—Is.—coal (many members)... . 

Pottsvltle sh.—ss.—Is.—coal (many members). 


nielmus 
Fe«t 
. 400 


.. 380 
.. 400 
... 300 
... 380 
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Mississippian system 

Maxville Is. . . . ... 25 

Logon sh.—&s* (three members). . 2Q0 

Cuyahoga sh.—as. (three members includmg Black Hand) . 300 

SuQbuzysh... . . .... ^ 

Berea ss... . , , 50 

Bedford sh., . 76 

Devonian system 

Ohio sh. (three members). 600 

Olentangy sh . 35 

Delaware Is. . . . . 36 

Columbus Is. 90 

Detroit River dol. (four members). 200 

Sylvania ss. . ... 40 

Silurian system 

Bass Island doL (four members including Put-in-Bay) 300 

Cedarville do!. . . 200 

Springfield dol. 10 

ifuphemia dol... 10 

Osgood sh.. ,. , ., 36 

Dayton Is... 10 

Brassfield Is... .. .36 

Ordovician system 

Richmond sh.—Is. (several members) .. 276 

Maysville sh.—Is. (several members) . 200 

Eden sh.—Is. (several members).... . . 200 

Cynthiana sh.—Is. (several members).,. . , , 100 


The exposed bedrocks of Ohio are all sedimentary rocks, that is made from 
sediments, dep<»it8 such as clay, sand, calcareous ooase, laid down in shallow 
marine seas which covered the region that is now Ohio, and later cemepted to 
form solid bedrock. 

That division of polpgy which treats of the surface features of the earth and 
their interpretation is known as geomorphology. In the language of the geo- 
moiphologist the interpretation of surface features is based on structure, process, 
and stage. 

Structure includes the rock material; its resistance, its stratification and 
jointing, as well as the position of the ro^ strata, whether horisontal, inclined, 
folded or faulted. 

Process refers to the processes whidi are working upon the rock materials and 
thereby producing changes in the surface features. Tnese processes are weather* 
ing, erosion, degnuiation, aggradation. The^ are the work of dynamic agents 
such as running water in streams, moving toe m glaciers, wind. 

Stage is concerned with the extent to whidt the change has pronessed as 
compared with the final condition that can be attained by the wcvk of tM prooM 
involved. It is based upon tfae principle that a process or set of processes anectmg 
a particular region will change the r^f features in an orderlv way from one set 
of characteristics to another set of characteristics until finally we r^on is broi^t 
to a condition in which the agents involved can produce no further changes. The 
c)rde^ has then been completed. The characteristics of the relief features the 
vmiouB stages of the cycle are distinctive and thereby^ determine the stage in the 
cycle. For most geomc^hic cvcles the stages ate designated by ^ very gennal 
terms of youth, maturity, and old age as based on characteristics and not on 
actual len^ of time. 

The idea of cycle may be illustrated by the atream*eroslon cyde using the dia* 
grams shown in Figure 2. A relativdy levd surface at consic^ble elevation 
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above sea level is dissected by a set of streams. Downcutting is rapid, resulting 
in deep, narrow, steep-walled valleys. Between the valleys are broad level upland 
areas as yet undissected. The region is in the youthful stage of the stream- 
erosion cyde (Pig. 2, B, C). 

Finally, the streams cut down, to or near to b^ level which is determined by 
the level of the body of water into which they drain. The stream gradients become 
gentle, the rapids and falls have been destroyed, and downcutting stops. Valley 
widening continues, the valley slopes become gentler, and the upland fiats become 
narrower until only ridges remain. All the surface is now in slopes. The dissection 
is complete. The region is in the mature stages of the erosion cycle (Fig. 2, D). 



3. Set of block diegreme showing changes in topography during the stream-erosion cycle 
^ from youth to dd ag^ (Reprinted by pennisiAni from OuUines of Pkyskai Goohgyt by 
Longwell, Kropf, and Flint, published by John Wiley and Sons, tnc.) 

Further erosion lowws the divide ridges making the valley slopes still antler, 
floodplains ^nd increase in wid^, until m the region been lowered 

to the lowest po«wle level* the base level of stream erosion, an even, lowland plain. 
The region has reached tte old age stage of the stream-erosion cycle, and no further 
stream erosion may take place. The cyde has been completed (Pig, 2, F). Dor¬ 
king the process of stream erosion, the region has passed from a level upland plain, 
to a tuas^i comidetety dissected county all in dopes, and finally again to an 
even plam but at a lowland level. This is the hisl^ and the fate of every region 
upon whidi rain falls and which has sufficient elevation abbve sea level. 
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The locations of a number of the scenic features or interesting relief futures oi 
Ohio are shown on Figure 3. These features are at various types and origins. The 
largest number has resulted from the work of running water; others from the work 
of ground water; others from glaciation. Only a few of these can be treated in 



Pif. 3. Map of Ohio ihowing the location of acenic features. 


this paper for it seems that our purpose can be better served by a full treatment of 
a stnall number than by a more general treatment of a large number. We will 
treat first a group locatkl in northern Greene County, second a group in western 
Hoddng County, and third Lake Brie and the islands . 
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GORGES OF GREENE COUNTY 

In northern Greene County, about 10 miles south of Springfield, there are three 
rather notable steep-walled gorges located respectively near the vilh^s of Cliftoa, 
Yellow Springs, and Cedar^e, all within a radius ra three miles (Kg. 4). The 
largest, most prominent one of these is Clifton gorge and this one will be treated 
as an example of the group. It illustrates admirably the relation of the form of 
the valley to the several rock formations in which it is cut. 

Clifton Gorge is part of the Little Miami River Valley, located west of the 
village of Clifton (Pig. 4). Northeast of Clifton the Little Miami fiows in a very 
broad, upland valley cut in glacial drift as shown in unit 1 of Kgure 5. It served 
as an outlet for the melt waters of a considerable section of tlw glacier front to 
the north and east and its broad valley floor is underlain by gravel. Except for its 
greater width it is a typical stream valley of the glacial region of central Ohio. 



Fig. 4. Map of the Little Miami River Valley in the Clifton-Yellow Springs region. 

Just east of Clifton the river reaches the bedrock and the valley deepens rapidly 
so that in half a mile downstream at the west edge of the village, the valley is about 
60 feet deep and has a cross section as shown by tmit 2 of Kgure 5. The gradient 
of’the river is steep and its work is almost entirely downcutting. The valley ddes 
are steep to overhannng and the valley width is little more than the width of the 
stream (Pig. 8). Itis^a tj^jical youthful valley formed by rapid downcutting in 
a massive rock of unifoitm resistance. 

Just west of the bend west of the village the river drops into a narrow, winding 
channel and plunges down by a series of rapids for a drop of 20 to 30 f^t in a 
distance of about 50 yards (Kg. 7). The channel is only 5 to 10 feet wide and 
10 to 20 feet deep and is cut in ^e bottom of an outer gorge which in cross profile 
is a continuation of unit 2. llie narrow, twisting channd has apparently been 
made by enlarging and connecting a series of potholes. This is unit 3 of the cross 
sections of Figure 5. 
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Cross Sections of the Little Miami Volley in the Clifton Rsgion 
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Fig. 6. Cross sections of the Little Miami River Valley in the Clifton region. 
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Fig, 6. Thie upper part of the Little Miami Gorge just west of Clifton. 
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Fig. 7- View looking up the Channel-Rapids Gorge from the upper part of Pool Gotm^ The 
Xittle Miami River just west of Clifton^ (OMo Develhfnneot and Publicity Commission}. 
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The water next enters a pool and flows quietly for about 200 yards in a narrow 
gorge 60 to 70 feet deep, and only 50 to 60 feet wide, with vertictd or overhanging 
walls. This is unit 4 of Figure 6. It has a width similar to that in unit 2, and the 
upper, outer part of unit 3 but it is deeper and the walls rise direct from the water 
level of a quiet pool which fills the entire width of the gorge- 



Pig. 8. ColBmnar section of the rock formations of the Little Miami River Gorge. 

All the rock exposed in the gorge through units 2, 3, and 4, is massive, porous 
dolomite in ledges 5 to 10 feet thick. It is known to geologists as the Cedarville 
dolomite and is shown as the highest unit of Figure 8. It commonly forms bold, 
vertical cliffs and narrow gorges with high*gradient streams. Next below the 
Cedarville is the Sprinp;field dolomite, 5 to 10 feet of bedded stone in even layers 
4 to 10 inches thick (P^, 8). It is less resistant than the Cedarville and at places 
weathers out forming a slight reentrant beneath the Cedarville diff. Next below 
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is the Euphemia dolomite, 5 to 10 feet of thick-bedded stone (Fig. 8). It is more 
resistant than the Springfield and at places forms a slight shoulder on the slope. 
At .places both the Springfield and the Euphemia unite with the thicker Cedarville 
above in one great cliff face. 

Below the Euphemia is about 40 feet of soft, blue shale, with a few layers of 
shaly limestone, known as the Osgood shale (Fig, 8). This unit weathers readily, 
and slumps away on the valley side leaving the dolomite above insufficiently sup¬ 
ported so that the Euphemia hnd higher dolomites break off in great blocks that 
fall onto, and become part of the talus slope below, which covers the outcrop of the 
Osgood shale. By this method of slumping away of the shale, and the falling 
away of the unsupported dolomite, the cliff faces retreat and the valley is widened 
at the level of the shale. 

Below the Osgood is the Brassfield limestone, a firm, bedded stone about 30 
feet thick (Fig. 8). Where the river has cut into the Brassfield limestone, there is 
an inner narrow valley or gorge and the river gradient is steep. 

Beneath the Brassfield limestone should be the Elkhorn, a soft, clay shale 
which weathers readily (Fig. 8). It is not exposed in the gorge, but its presence 
is plainly indicated by the broader valley floor down stream from the ouctrop of 
the Brassfield. 

Returning to the Pool 06i^ of unit 4 it may now be noted that the base of the 
massive Cedarville dolomite is at or just below the water level of the pool (Fig. 5, 
unit 4) and .that the basin occupied by the pool was dug out from the underlying 
less resistant, thin-bedded Springfield dolomite. This allowed the Cedarville 
dolomite to break off along vertical joints to form such vertical gorge walls as 
shown in Fi^re 9 with a reentrant at the base made by the wearing out of the less 
resistant thin-bedded Springfield dolomite. 

Continuing down stream from the Pool Gorge, unit 4, the valley broadens 
gradually and becomes deeper to 100 feet and ultimately to 150 feet (Pig. 5, imit 5). 
The upper 40 to 50 feet of the bluff is a cliff of massive Cedarville dolomite and 
below this is a steep talus slope with large loose blocks of Cedarville, down to river 
level (Fig, 10), Many of the blocks are of enormous size, up to 20 to 30 feet across 
and many of them lie with the bedding planes at various angles. One great block, 
known as “Steamboat Rock" and shown as Figure 11, stands in the middle of the 
river with the bedding planes in a vertical position. The river is cutting at some 
level in the Osgood shale and downcutting and valley widening are rapid. 

This unit 5 of the valley has a length of about half a mile. It is a region of 
distinct scenic beauty as well as geologic interest. The bluffs of massive dolomite: 
the fe^i^overed talus slopes with great projecting blocks of stone; the rapid 
flowingsTtream; the tall treees rising straight toward the sunlight above the gorge; 
all combine to form a scenic feature which is unsurpassed in western Ohio. 

Another considerable section of the gorge is represented by unit 6 of Figure 5. 
It differs from unit 6 chiefly in that the ofowncutting river has here reached the 
top of the more resistant Brassfield limestone, and has carved out a broader valley 
floor near the stream level on the top of the limestone. Also the valley as a whole 
is broader and the talus slopes longer and gentler. 

Farther down the valley the river has cut into the Brassfield limestone forming 
an inner, relatively narrow, steep-sided valley as shown in unit 7 of Figure 5. At 
the top of the Brassfield there is a narrow rock bench, the rock floor level of unit 6. 
Above this on the outcrop of the Osgood shale, is the usual talus slope with blocks 
of dolomite from above. The Cedarville dolomite, here reduced to 10 to 20 feet 
thickness, forms the usxial bold vertical cliff capping the valley slope. 

Farther down the valley, near the mouth of Yellow Springs Creek, the Little 
Miami Valley floor widens to about one-fourth of a mile, as shown in unit 8 of 
Figure 5. Here the river has evidently cut through the Brassfield limestone and 



Fijj. 9. Bluff of Little Miami Valley at the downstream end of the Pool Gorge. The cliff is 
Cedarville dolomite and the reentrant at the Vas« is caused by the wearing out of the less 
resistant Springfield dolomite. 
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Fig. 10. The Little Miami River ^ Clifton Gorge showing blocks of massive CedarviUe dolo¬ 
mite that have falto from the cliffs above. (Ohio Development and Publicity Com¬ 
mission.) 
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Fig. 11. "Steamboat Rock” on the Little Miami River in Clifton Gorjje. A block of Cedar- 
VIlie dolomite with l>edding planes in a vertical position. 
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Fig. 13. Longitudinal section atul profile along the Little Miami River showing successive stream profiles during 

the origin, retreat and disappearance of the falls. 
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widened the valley in the horizon of the Elkhom shale> although no exposures of 
the Elkhom are known for several miles farther down the valley. The steeper 
slope above is on the outcrop of the Brassfield limestone. The bench and gentler 
slope next above are on the outcrop of the Osgood shale. The steeper slope at the 
top of the valley wall is on the outcrop of the higher dolomites. 

There is also a close relation of the profile of the river bed to the underlying 
rock materials as shown in Figure 12. Unit 1 is on the upland where the river 
flows with gentle gradient on glacial drift. In unit 2 the river is flowing on the 
Cedarville dolomite and the valley is deepening rapidly. Unit 3 is the rapids by 
which the river crosses the lower part of the Cedarville dolomite down into the 
plunge basin of unit 4 carved out of the underlying Springfield dolomite. In unit 5 
the river has a steep gradient down across the soft Osgood shale to unit 6 where 
the gradient is gentle, held up on the top surface of Brassfield limestone. Unit 7 
has a steeper gradient across the Brassfield and unit 8 has a gentle gradient in the 
Elkhom shale. The longitudinal profile and the cross profile of the valley in each 
unit is determined by the nature of the rock. 

About three miles west of Clifton near the village of Yellow Springs is Yellow 
Springs Gorge which is part of the valley of Yellow Springs Creek (Fig. 4). This 
creek heads out on the glacial plain to the north where it flows in a broad open val¬ 
ley cut in glacial drift. Near the village it reaches the bedrock and descends, by a 
waterfalls on the Cedarville dolomite, into the head of the gorge which leads south¬ 
ward for about two miles, where Yellow Springs Creek joins the Little Miami 
River just west of the lower end of Clifton Gorge. The main characteristics of 
Yellow Springs Gorge and rock units exposed are quite similar to those of Clifton 
Gorge but less rugged and picturesque. 

Small units of Yellow Springs (^rge and of Clifton Gorge are now in parks 
under various forms of management. The entire two gorges, including the place 
where they unite, should be acquired by the state in order to preserve this most 
outstanding scenic feature of western Ohio and make it better available for visit 
by the public. 

The explanation of the ori^ and the location of these gorges and water falls 
is connected with certain regional geologic relations of southwestern Ohio and 
adjoining states which are shown on Figure 14. There is here an elliptical area 
of Ordovician rocks surrounded by a band of the overlying and therefore younger 
Silurian rocks. The Ordovician outcrop is on the axis of the Cincinnati anticline 
and the rock strata dip gently away from the Ordovician to the east and to the 
west down the flanks of the anticline and also to the north on the plunging axis 
of the anticline. These relations in so far as southwestern Ohio is concerned are 
more exactly shown in Figure 16 which gives the distribution of the Ordovician 
and Silurian systems and the location of the gorges near Clifton in the western part 
of the Silurian band, that is in the lower part of the Silurian rock section. 

The map also shows the drainage pattern of the region, the chief feature being 
that* the streams flow from the northeast, north and northwest and converge 
toward Cincinnati, This means that the general slope of southwestern Ohio is 
toward Cincinnati. The streams flow from Silurian to Ordovician, that is from 
yoi^er to older rocks and opposite to the direction of dip of the strata. 

Tbie Ordovician rocks consist of shale and thin beds of limestone and are less 
resistant than the Silurian rocks which consist largely of thick-bedded or massive 
limestone or dolomite. The area of less resistant Ordovician rocks, being in the 
down-stream part of the drainage system, has’been worn to a lower level, and to 
a more rugged topography, than the Silurian area of more resistant rocks on the 
headwaters region. Where the two area border, there was thus developed a narrow 
belt wiUi a steeper slope descending from the Silurian area to the Ordovician area 
as shown in Figure 15. This is an indistinct escarpment slope on the edge of the 
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durian rocks. Since the Silurian rocks dip ^ntly away from the Ordovician 
area, erosion has developed something of a cuesta form with an tmdercut-dope 
facing the Ordovician and a dip-slope toward the Silurian area. Stream erorion 
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has made the course of the escarpment irregular (Fig. 16) and the details of this 
cuesta feature are largely hidden by the mantle of glacial drift that covers the 
region. 

When the glacial ice melted off the surface of southwestern Ohio a south- 
westward flowing stream came into existence along the present course of the Little 





Fig. 15. Geologic map of aouthweatem Ohio showing the distribution of the rock systems, the 
couTM of the Niagara Escarpment, and the drainage. 
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Mmmi River past Clifton. About four miles southwest of this village the stream 
passed from the higher surfEice on the more resistant Silurian dcdomites down tiie 
escarpment to the lower surface on the less resistant Ordovician shales as shown 
in Figure 13. The faster down cutting on the shale produced rapids (Fig. 13, pro¬ 
files A and B) and when the stream bed on the softer shale was worn below the 
base of the resistant dolomite a waterfalls resulted (profile C). The plunge of the 
water over the falls wore out the softer shale beneath the edge of the dolomite, 
and inadequately supported blocks broke off and fell away. This resulted in 
the gradual retreat of the falls upstream (profiles C and D) and the formation of 
a gorge in that portion of the valley along which the falls retreated. Since all 
stream beds mxist rise upstream, the falls gradually decreased in height to the 
place where the stream rose to the base of the resistant dolomite (profile E). 
No longer could undercutting or sapping of the cap rock take place. The lenrth- 
ening of the gorge by the process of the retreat of the falls was ended. This 
condition was‘reached for the Little Miami, in unit 4, the Pool Gorge. With 
further erosion the falls became a rapids (profile F). This is unit 3, the Chaiuiel 
Rapids of the present valley (Fig. 7;. The rapids is the stage that follows next 
upstream from where a falls stops retreating. It carries the water from the level 
of the valley floor above the falls across the thickness of the resistant rock unit 
that caused the falls. Downcutting is rapid and in course of time even the rapids 
will be reduced to an even gradient as shown in profile G of Figure 13. That is, 
in the old age stage of the cycle all irregularities of the gradient of the stream bed 
due to differential hardness of the rock will have been worn away. 

In both the Yellow Springs and the Cedarville gorges the level of the stream 
at the base of the falls is approximately at the base of the Silurian dolomite and 
the upstream retreat of the falls will soon cease. With further erosion the falls 
will become rapids and these will gradually be worn away. This is the history 
through which all the streams whi^ flow from the Silurian rock areas of south¬ 
western Ohio to the Ordovician rock area have passed. 

It is probable that the Little Miami River took its present course across the 
escarpment with the disappearance of the last ice sheet, the Wisconsin, usually 
estimated as about 30,000 years a^o. During this time the falls has retreated a 
distance of approximately four miles at an average rate of about nine inches 
per year. 

Similar, but less prominent gorge-like valle3ra exist to the northwest and west 
wherever streams across tlK irregiular outcrop of the Cedarville dolomite from 
Greene County to the Indiana line (Fig. 15). Also to the south of the Clifton 
region in Greene, Clinton and Highland Counties the valley become more sharply 
cut wIilMl they cross from the Silurian rocks to the Ordovunan. 

The escarpment described above is, in topography, in structure, in lithology, 
and even in the geologic age of the rocks siinilar to the east-west escarpment of 
western New York, Imown as the Niagara escarpment (Pig. 16) and they have 
had similar effects in the development m goxgw uid wat^^. 

The Niagara escarpment extends in a curving course from central New York 
westward through southwestern Ontario, north^ Michu^ and eastern Wis¬ 
consin, a distance of several hundred milot as shown on Figure 14. Throughout 
this distance the Niagaran dolomites dip toward the Michigan Basin and form a 
cuesta ridge with a steep fr'ont to the north, northeast or northwest and a gentler 
slope to the south. Parts of this cuesta axe tiie Niagara escarpment of western 
New York and southwestern Ontario; the Bruce peninsula; Manitoulin and Dnun- 
mond islands; a partly buried cuesta ridge in nmthem Micbkan; tte BscSnid>a 
and Door peninsulas east of Green Bay; and a partly buried, westward-fac^ 
cuesta ridge in eastern Wisconsin. Bordmng this lo^g elevation, on the north is a 
long depression worn out on the outcrop tttnd of the Ordovidan dudes. Tte 
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lowest parts of this depression form the basins of Lake Ontario, Georgian Bay, 
North Channel, Green Bay, Lake Winnebago, and the low course followed by the 
headwaters of Fox River southward in eastern Wisconsin. It is a notable illus¬ 
tration of the influence of rock materials and rock structure in the origin and 
location of large relief and geographic features. 

When the melting of the Wisconsin ice sheet freed the surface of western New 
York the overflow waters of Lake Erie escaped northward along the course of the 
present Niagara River (Pig. 16) across a plain imderlain by Silurian rocks and 
dropped off the northward facing escarpment capped by the Niagara dolomites 



Pig. 16. fBird's*eye view of Niagara River and Palls, looking south. Greatest length of block, 
36 miles. Vertical exMeration, 2 times. (Reminted nom Oullims (rf Physical Gcohgy, by 
Longw^i Knopf, and Fmt, published by John Wiley and Sons, Ino.) 

to the lower, Ontario plain underlain by Ordovician shales. The waterfalls thus 
formed at the face of the escarpment began to retreat upstream by sapping and 
the fall of the unsupported cap rock, and the Niagara gorge was started. The 
retreat has continued until now the falls is seven mil^ from the escarpment where 
it stfiuted, leaving behind the magnificent Niagara gorge. But unlike our Ohio 
'l^iagoras there is still plenty of drop and the falls will continue to retreat, and the 
gorge to lengthen, until p^haps Lake Erie is reached and drained. Lakes and 
watoialls are characteristic of the youthful stage of the erosion cycle. Both are 
short lived features, geologically speaking. 
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HOCKING COUNTY PARK REGION 

In southwestern Hocking County east of Laurelville there are several well 
known scenic features the locations of which are shown on Figure 17. Of these 
Ash Cave» Cedar Falls, Old Man’s Cave, Conkles Hollow, Rock House, and Cant- 
wdl Cliffs are now included in small State Forest Parks. This is a rugged region 
with a relief of 300 to 400 feet, near the western edge of the Appalachian Plateau. 



Pig. 17. Map of western Hocking County showing location of state forests and forest parks. 
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The chief scenic features are narrow, steep-walled gorges which terminate head- 
ward in steep-walled, ampitheater-shaped pockets or coves; waterfedls wtuch 
plunge into these valley heads from projecting ledges above; and rock dielters or 
re-entrants in the valley walls beneath proj^ting ledges commonly called caves. 
All these features are the result of weathering and the erosive work of running 
water on rocks of (Merential hardness. 
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Pig. 18. Columnar section of the rock formations of Western Hocking County. 
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The rock strata of the region consist of sandstone and shaie as shown in. 
Figure 18. The most important unit in the development of scenic features is the 
Bl^k Hand sandstone, a thick-bedded, massive, resistant, pebbly sandstone 100 
to 150 feet thick. If forms the walls of the gorges, causes most of the waterfoUs, 
and inat the valley-side caves are develop^. The upper 15 to 20 feet of the 
sandstone is horizontally-bedded and quite firmly cemented. Lower down, the 
middle part of the formation is cross-bedded and less firmly cemented. This 
results in more rapid disintegration of the middle part of the Black Hand and the 
development of a somewhat projecting upper part of the dM. 

Lo^ly, in this cross-bedded middle part considerable remtrants have devel¬ 
oped in the valley walls forming the features called caves, of which Old Man's 
Cave and Ash Cave (Pig. 19) are the largest and best known. They commonly 
have a floor on firmer stone below; are semicircular or semielliptical m plan; and 
half dome shaped with the apex above the middle of the outer edge. Adi Cave has 
a length of al^t 600 feet along the face of the cliff; a height of about 80 feet at the 
top of the dome, and a reentrant depth of about 100 feet at the floor level. These 
reentrants are believed to be due chiefly to more rapid disintegration locally of the 
cementing material of the sandstone allowing the grains to ^ away. Blocks of 
sandstone that have fallen from the roof are present, but not numerous. The 
removal of the sand grains that fall to the floor of a cave may be accomplished by 
the wind or by the runoff of such rainfall as may be blown into the cave. 

It should he noted that these are not true caves; a term that should be reserved 
for undergrdimd caves and passagewa^^ develcqied in limestcme rock by solution 
by ground water. These features are simply reentrants in djff faces and open out 
widely to the valley sides. A better name is rock shelter or rock-shelter cave. 

Reentrants in the cliffs at the heads of the gorges are in part due to sapping by 
development of the plunge basin beneath the waterfall, and there are commonly 
here great blocks of sandstone that have fallen from the projecting ledge above. 
There should also be here greater decomposition due to the continually moist con¬ 
dition of the cliff from tlw spray of the waterfall. The sapping action here is 
important in causing the headward growth of the gorge. It is the usual method ^ 
retreat of waterfalls (Fig. 19). 

The rock strata of the region dip gently to east as shown in Figure 20. Just 
west of this park area the Black Hand conglomerate terminates along an irregular, 
westward-facing e»»rpment, and the land surface droM down to lower elevatioo 
and lower rock units. This is the west edge of tiie. Appakchian Plateau, which here 
is along the undercut slope of a low angle cuesta on the MississippiaD sandstone, 
particulaily the Black Hand sandstone. The dnunage is westward so that in 
generalise.streams go from the higher upland on the east across the outcrop of 
the Blahk !land to w lower surface to ^ west or to some valley, the levd of 
which is conditioned by this lower surface. Rapid toenching of the steep dope 
on the edge of the Black Hand produced watenalls at some places, and their 
retreat. he^ward has formed the steep-walled box canyons with ampitheater- 
shaped heads. Those in which the formative pro ce s ses are still at work uid in 
which the characteristics are eq)edally well de\^oped, or of large dimensions, ate 
the scenic features. 

Certain characteristic topographic features of the region, and their relation to 
the bedrock, may be shown by a short description mtd andysis of one of the valleys, 
such as the valley of Old Man’s Creek shown in Figure 22. This creek is 3 miles 
long and flows southwest to its union with Queer Creek. Sk rather distinct 
phydographic units can be recognised in this valley and are well dtown in the 
longitudinal section and profile of Figure 21. Unit 1 is the headwaters, about 
half a mile long, and with a gradient at the rate of 230 feet per mile. This is a very 
typical upland ravine head for this region. Unit'2, miles long has a gentie 
gradient of only 50 feet per mile. Unit 3 is a rapids and wat«kll with a total' 
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Pig. 10. View of the upper end of A«h Cave, the waterfall, and Gm plunge baein below. The 
hrm.bedded aondrfone forms the proiecting cliff. The weaker, cross-bedded is 

in the upper part of the reentrant behind the falls, (Ohio Division of Forestry. Moto 
by Bob Wheaton). 
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Filf. 21. Longitudinal section and profile along Old Man’s Creek, showing the relation of the several physiolographic 

units to the bedrock materials. 
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descent of 30 to 40 feet by which the stream drops into the head of the upper 
gorge. Unit 4 is this upper gorm about half a mile long. Unit 5 is the lower 
falls with a descent of % to 40 feet and unit 6 is the lower gorge over 100 feet 
deep and extending about 1 mile to the \mion with Queer Creek. 

In Figure 23 cross sections of the valley are shown in units 2, 4, and 6. l^e 
valley of unit 2, above the gorge is broad and open, about 1 mile wide from divide 
to divide, 150 to 175 feet deep, and has a valley floor about 100 yards wide (Pig. 
23, imit 2). The rocks in which this valley is cut consist of shale, sandy diale, and 



Fig. 22. Topographic map of the area dramed by Old Man’s Creek, Hocking County. 


some sandstone. The floor of the valley is on or slightly above the top of the 
very resistant Black Hand sandstone, which, by acting as a temporary base level to 
retard the downcutting, has allowed the widening of the valley and the develop¬ 
ment of the gentle gra^nt of this unit. ' At the lower end of this unit the stream 
flows for 50 yards on a broad surface of the Black Hand sandstone without a channel 
as shown in the background of Figure 24. It then descends by a cascade (Fig. 24, 
foreground) and by a waterfall shown in Figure 25, the whole forming the Upper 
Falls, unit 3, by which the stream crosses the upper, more resistant part of the 
Black Hand and enters the head of the Upper Gorge. > 

Unit 4, the Upper Gorge, increases in depth from 30 to 40 feet near its head. 
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to 60 to 70 feet at its lower end and is cut in the less resistant, cross-bedded, middle 
part of the Black Hand sandstone (Pig. 23, unit 4). Above this inner gorge is a 
broad, higher or outer part of the valley with moderate slopes cut in shale and 
thin-bedded sandstone above Black Hand. This is simliar to the valley of unit 2. 
On either side of the valley just above the Black Hand is a narrow bench carved 
out on the upper surface of the Black Hand. 

Next follows vinit 5, the Lower Falls, shown in Figure 26, by which the water 
plunges down a twisting channel for 10 to 16 feet and thence falls to a plunge 
basin below for a total descent of^30 to 40 feet across the lower part of the Black 
Hand sandstone. At the level of the plunge basin beneath the overhanging ledge 
fine-grained shaly sandstone is exposed, the top of the next lower rock unit, the 
Cuyahoga shale. 

Unit 6, the Lower Gorge, is over 100 feet deep (Pig. 23, unit 6). The vertical 
walls indude practically the entire thickness of the Black Hand sandstone and the 
floor is probably in the underlying Cuyahoga shale but a great accumulation of 
loose material on the valley floor and against the base of the cliffs conceals the 
basal contact of the sandstone and any lower strata which may have been pen¬ 
etrated, Above the narrow, deep gorge cut in the Black Hand sandstone is the 
narrow bench or shoulder, and the broad outer valley above, cut in shale and thin 
sandstone beds. All of this shows a close relation of the form of the valley to the 
resistance of the rock material. 

In the north wall near the lower end of the Upper Gorge, is the well known 
Old Man’s Cave, shown in Figure 27. It is about 200 feet long, along the valley 
side, about 50 feet high at the top of the arch, and its greatest depth or overhang 
is about 75 feet. This cave, like the floor of the Upper Gorge, is at the level of 
the less resistant middle part of the Black Hand sandstone. This less resistant 
middle part has caused two falls instead of one and two sections of the gorge. 

The foregoing has emphasized the contrast of the broad, outer, upper valley 
with gentle slopes as against the narrow, steep-walled inner gorge (see Fig. 23); 
the gentle gradient of the valley above the Upper Falls as against the steep gradient 
of the gorge (see Fig. 21); the falls by which the creek enters the gorge; and the 
bench on the valley side just above the inner gorge. All these are quite definitely 
related to, and seem to find adequate inte^rctation in, the greater resistance of 
the Black Hand sandstone as compared with the other rock units. If we apply 
the geomorphic analysis of structure, process, and stage, we find the process, that 
is stream erosion, is working on vaiying structure, that is differential hardness of 
rock units, which has resulted at this stage, in different valley forms according to 
the different hardness of the rock units. 

In the northern part of the Hocking County Park region is a very unusual 
feattire known as Rock House (see Fig. 17). Here is a great cliff of Black Hand 
sandstone up to 100 feet high formirig the south wall of a valley shown in Figure 28. 
The cliff is quite direct and even, but with certain right angle offsets. At one 
place the rock mass sets out about 30 feet as shown in Figure 31 but the line of 
the cliff face is continued into this projecting mass by a tunnel-like passageway 
20 to 30 feet wide, 20 to 26 feet high, and about 200 feet long, opening out at both 
ends. This great corridor is called Rock House. Its existence, its location, and 
direction, are determined by a joint fracture which runs S. 70° W. and dips steeply 
to N.W. (Fig. 31). The cliff face of the projecting mass is parallel to the master 
joint of Rock House and apparently is located on another joint of the same system. 
The joint fracture cuts the floor of Rock House along the northwest side of the 
room and cuts the roof along the median line from end to end. The general cross- 
section form of Rock House is that of a Gothic arch, widest at the base and nar¬ 
rowing to the top into the joint fracture as shown in Figure 29. Certain less 
resistant beds just above the floor level have apparently caused the wider 
lower part* 
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Pig. 28.'" Cross sections of Old Man*8 Creek Valley showing the relation of the form of the valley 

to the lithology of the rock units. 
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Fig. 24. Old Man's Creek showing in the background the 
stream spread out on the upper sui&ce of the Black Hand 
sandstone and in the foregroi^ the cascade at the head of 
the Upper Falls. 
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Fig, 25. The JJpptr Falls by which Old Man’s Creek enters the head of the Upper Gorge. The 
upper part <S the Black Hand sandstone (9 shown. (Ohio Division of Forestry. Photo 
by Bob Wheaton). 
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Fig. 26. The Lower FalU by which Old Man’s Creek enters the head of the Lower Gorge. The 
falls is over only the lowerpart of the Black Hand sandstone but the entire formation is 
shown in the valley wall. T^he plunge basin is probably in the Cuyahpga shale below. 
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Fig- 27. Old Man’s Cave looking down the valley- The sloping ceiling ^d the uneven weathering of the sandstoiK 
are well shown. (Ohio Division of Forestf}', Photo by Boh Wheatoni. 
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Pijf. M. The Black H^d sandstone cliff on the face of Rock House. The dark i^entrants are 

Rock House. (Ohio Division of Porestty. Photo by Bob 
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Pig. i0. Lookmg southwest along the awridor of Rock House showing tto open southwest 
and the windows on the right which admit the Ikht. (Ohio Di^nsion of Powstry. Photo 
by Bob Wheaton.) 
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Fig. 80. The opening at the southwest end of Rock House protected by a rock canow the 
firm upper beds of the Black Hand sandstone. (Geol. Surv, Ohio, Report oflProgress 
in lS70.r 
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A second set of joints, somewhat unequally spaced, cuts the sandstone approx¬ 
imately at right a^les to the cliff and to the master joint along which Rock House 
is developed (see 31). Weathering along these Joints h^ made window-lQce 
openings through the outer wall of Rock House. Five such openings exist and 
cut the outer wall into six great pillars of quite unequal sue. Tlie line of the 



Pig. 81. Map showing the extent of Rock House, the locsttion and width of the windows, and 
the location and direction of the master joints. 



Pig. 88. View from the Inside of Rock House looking toward the outer wall showing the form 
of the windows, and the position of the cross joints. 


joint fracture that caused each opening can be traced across the roof of Rock 
House and down the inner wall where a weathered out niche marks the line of 
each joint, llie window-like openings, as shown in Figure 32 also have the form 
of Gothic arches and the great pillars are smallest at the base and enlarge upward 
to compensate for the form of the window (^lenings. 
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I, of Lake Erie showing by contours the depth of the water, which furnishes a basis for a division into eastern, central, and western units. 
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The middle one of the five openings is the easy entrance to Rock House but 
two other openings and the northeast end can be entered by climbing. The south¬ 
west end of Rock House opens out at 30 to 40 feet above the base of the cliff as so 
well shown in Figure 30 reproduced here from an old sketch first published in a 
report of the Geological Survey of Ohio in 1870. Above this opening thick beds 
of the firmer upper part of the Black Hand sandstone project lilm a canopy alx>ve 
and beyond the o{^ning. Rock House, like the sever^ rock-shelter caves, is 
develops in the horizon of the cross-bedded, poorly-cemented middle part of the 
Black Hand sandstone. 

The evidence is conclusive that the greater weathering of the sandstone along 
the joints has been the chief cause for the formatiim of Rock House. The sand¬ 
stone is rather loosely cemented and the slow but persistent decay of the cement 
allows sand grains to fall away from ceiling and walls. It is believed this is the 
chief method of enlargement. 

- If it appears that the slow falling away of sand grains is an inadequate method 
for forming the great corridor of Rock House, it may be noted that if the sand 
necessary to fill the 100,000 cu. ft. of space in Rock House was removed during 
the one million years of the Pleistocene period the rate of removal would be about 
one-half of an ounce of sand grains per day, which does not seem an unreasonable 
rate. It is believed that wind is the most important and almost the sole agent 
for the removal of the sand grains from the floor of Rock House. 

LAKE ERIE BASIN AND ISLANDS 

The Lake Erie basin may be very naturally divided on the basis of depth into 
three parts which by location may be called the eastern, central, and western 
sections, as shown in Figure 33. The Eastern section east of a line from Erie, 
Pennsylvania, to the base of Long Point on the north shore is the deepest part 
with considerable area below 120 feet and a maximtun depth of 210 feet. The 
Central section is a broad basin with a relatively ^ven bottom and of intermediate 
depth la^ly between 60 and 75 feet, and with a maximum of 84 feet. 

The Western section, west of a line from Point Pelee to Cedar Point at San¬ 
dusky is the shallowest and the smallest part with most of the floor between 25 
and 35 feet and the deepest record 48 feet. In contrast with the other two sections 
the Western section contains a number of islands and shoals in its eastern part 
which partly dose it off from the Central section. 

A satisfactory explanation of the varying depth of the Lake Erie basin can 
apparently be found in the differential hardness of the bedrock and in erosion by 
streams and by the ice sheets. The rock strata of the Lake Erie region dip slightly 
to the south and the outcrop bands of the several rock units have a general east- 
west direction roughly paralleling Lake Erie. (Pig. 34). Lake Ontario basin, 
including the plain southward to the base of the Niagara escarpment is underlain 
by Ordovician shale. Ontario, north of Lake Erie is underlain by an east-west 
bdt of resistant Silurian and Devonian limestone and dolomite. The basin of 
Lake Erie east of Sandusky is underlain by shale, shaly limestone and shaly sand¬ 
stone of Upper Devonian age. Along the south border of the Lake Erie basin 
eastward from Clevelahd there is an escarpment composed largely of Mississippian 
sandstone rising 200 to 300 feet above the floor of the lake basin as shown in 
Figure 36. I^is is the northwest front of the Appalachian Plateau. 

The glacial ice which invaded the Lake Erie region came from the northeast 
over the Silurian-Devonian limestone cuesta of Ontario, and down the dip-slope 
into the Erie basin. Here its southward advance was obstructed by the escarp¬ 
ment bordering the basin on the south and the ice was directed southwestward 
along the line of ^e basin which was along the outcrop of the softer Upper Devo¬ 
nian shsiles (see Pig. 34). In the narrow eastern part of the basin these shales 
were eroded deeply but farther west where the angle of southward dip is less and 
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the width of the shale belt is greater, the glacial erosion resulted in the broader but 
shallower central section. 

Between Cleveland and Sandusky the outcrop belt of the Devonian shales 
swings southward across central Ohio (Fig. 34). The shallow western Section of 
Lake Brie is underlain by the Silurian and Devonian limestones on the northwani 
plunging end of the Cincinnati anticline and on these resistant the j^acial 
erosion was slight and the western section of Lake Brie is shallaw (see Figs. 34 and 38). 

In the eastern part of this western section there are a number of ialaods sa 
shown in Figure 35. Five of these have areas greater than one souare mile and 
tiiere are a dozen more of smaller extent as w^ as a number m shoals. The 
islands are arranged in two nmth-south belts. The western belt^ starts with 
Catawba Island, which is really a part of the mainland, and is continued north¬ 



ward by the Bass Island group of three larger islands and several small nearby 
islands. North of the Canadian line the belt swmgs northwest and includes Hen 
Island, Big and Little Chicken Islands, Bast Sister, Middle Sister, and North 
Harbor Islands and several wave-swept reefs and shoids. 

The east belt begins with the elevated east end of Marblehead peninsula and is 
continued northward by Kelleys Island, Middle Idand just across the Canadian 
line, and Pelee Island the largest of tbe take Erie islands. 

Some characteristics of the islands, and their relation to the lithology and 
structure of the bed rocks, are shown in the east-west generalixed cross-section 
through South Bass, and Kelleys islands that forms Figure 37. This idand area is 
on the east flank of the Cinciimati anticline and the strata dip eastward at a low 
angle. The rock section of the r^on includes the Upper Silurian Bass Island 
dolomites, Greenfield, Tymochtee, ^t-in-Bay and Raisin River and the Devonian 
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units, Amherstburg and Lucas dolomites and Columbus and Delaware limestones. 
Both island belts are north-south cuesta ridges with steeper slopes on the west and 
gentler slopes to the east. The western or Bass Island ridge is formed chiefly by 
the very resistant Put-in-Bay dolomite. The eastern or Kdleys Island ridge is 
formed by the Columbus limestone. 

Along the south part of the west shore of South Bass Island and the northwest 
shore of Catawba Islands there are bold rocky cliffs 30 to 40 feet high formed of the 
massive brecciated Put-in-Bay dolomite as shown in Figure 38. Such rugged 



Pig. 85. Geologic map (rf the region around the west end of Lake Erie showing the relation of 
the island belts to the lithology and relative resistance of the rock units. 

features are unusual for western Lake Brie or western Ohio. The lake level here 
is in the upper part of the next lower unit, the Tymochtee member, a soft, shaly, 
thin-bedded dolomite. This is eroded readily by the waves and the massive stone 
above is undermined and falls away in great bloats. The bed of the late for some 
mUes to the west is underlain by the Tymochtee shaly dolomite (see Pig. 37). 
Both South Bass and Catawba islands have their |:reatest elevations near the west 
shore and a general slope toward the east. This is the dip-slope of the cuesta on 
the bedrock surface which at places passes g^ually beneath the lake surface. 
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Although less high and less rugged, Kelleys Island on the eastern ridge also 
shows the cuesta form (Fig. 37). The highest elevation of the island is in the 
western part, and around the west shore there is generally a cliff 10 to 20 feet high 
the upper part of which is Columbus limestone while the lower part, at water 
level, is the somewhat thinner-bedded Lucas dolomite. On the east side of the 
island the surface slopes evenly and gently eastward toward the lake and along 
the shore there are large bedrock, dip-slope areas, in part glacially smoothed and 
striated, which pass without interruption or change beneath the lake surface. 

On the floor of the channel between the two ridges the Raisin^River, Amherst- 
burg and Lucas dolomites must outcrop (see Fig. 37). As exposed on Marblehead 
peninsula on the south shore of Lake Erie and also along Detroit River to the 
north these units have a combined thickness of 150 to 200 feet. They are less 
resistant than the Put-in-Bay and the Columbus, and therefore form the low 
channel between the ridges. 



Fig. 38. Cliff along the south part of the west shore of South Bass Island. The massive 
breccia ted Put-in-Bay dolomite which forms the cliff is being imdercut near lake bed in 
the Tymochtee shaly dolomite. 

Tha swing of the Cuesta ridge to the northwest is due to the swing of the out¬ 
crop belt around the end of the northward plunging Cincinnati anticline (see 
Fig. 35). The Put-in-Bay-Raisin River outcrop belt swings west to appear on the 
Michigan shore in the vicinity of Monroe and thence runs southwest across 
southern Monroe County and south across western Lucas County on the west side 
of the anticline. The Columbus limestone belt of outcrop which runs north from 
Pelee Island to the Ontario peninsula likewise swings westward around the end of 
the anticline into Michigan near Detroit and thence southwest and south on the 
west side of the anticline. 

In conclusion may I express the hope that this little excursion into the field of 
geology^ in which we have tried to point out the genetic relations of relief features 
to rode materials and the work of the common geologic agents, may in some 
measure increase your appreciation of scenic features, and also leave with you the 
realization that most of the surface features which surround us are the result of 
the work of common geologic agents working slowly but relentlessly through long 
intervals of geologic time. 



TACHYURA BARNESI N. SP. (BEMBIDIINI, CARABIDAE. 

COLEOPTERA)^ 


WM. C. STEHR, 

Ohio University, Athens, Ohio 

Ttohyvca hamed n. sp. 

* (Bembkliiiii, Carabidee, Coleoptera) 

From robust and moderately convex. Color dark ferrusineous, diining; slightly paler along 
the outer margin of the elytra. Head slightly elongate, three-fourths width of the thorax at 
apex; eyes large, evenly conveif; antennae about one-half the length of the body, pale fuscous 
at the apex, gradually testaceous toward the base with the first three joints clear testaceous and 
of equal length;; palpi testaceous. The mentum with two rather deep concavities, open behind 
and deeper than in other species of the genus exc^t T. frontalis (Hayw.). The prothorax one- 
third wider than loog; one-third wider at the base than at the apex; apex slightly emarginate; 
anterior transverse impression faint but distinguishable; posterior transverse impression deep and 
distinct, findy punctate and with three large punctures at the middle; median line faint esccept 
near the anterior impression, abbreviated at both ends; basal impresrions short and deep; basal 
margin straight from posterior angles to inner edge of basal impressions but perceptibly arcuate 
outward between the impressions; side margins of prothorax strongly arcuate anteriorly and 
depressed near the anterior angles, oblique posteriorly toward the posterior angles and very 
shallowly sinuate just anterior to them; hind angles rectangular, with a distinct low carina as 
long as the basal impressions and very close to the side margin. Elytra one-half wider than the 
prothorax, oval, moderately convex, with a sutural and four abbreviated dorsal striae, the fourth 
very faint; the sutural and first three dorsal striae punctate to behind the middle, the fourth 
dorsal apparent as a row of faint punctures on the middle third of the riytra; first dorsal setigeious 
puncture about one-third from the base of the elytra and the second at three-fifths. Body beneath 
femiginous; l^s testaceous, very slender; length 8.2 nun. 

The rather distinctly punctate striae of the el^a separate the present species readily from 
related species except T. forruginous <Dej.) and possibly some large specimens of T. tripunclatus 
(Say) which sometimes show faintly punctured striae. From T. ferruginous (Dej>) it is readily 
SQ>arated by the number of elytral striae and the dorsal pimctures of the dytra which are at 
one-fourth from the base and just bdiind the middle in that species. From large specimens 
of T, HpunckUus (Say) it is separated principally by the much more distinctly punctured striae 
of the elytra, the paler elytral margin, its greats- convexity, deq>er basal impressions of the 
thorax, more distinct carinae of the basal angles of the thorax, arcuate median portion of the 
base of the prothorax and deeper foveae of the mentum, 

Hohlype Female ,—Collected on a gravel bar along the Muiddngum River in Muskingum 
Township, Washington County, Ohio, July 14,1939, by Mr. Ralph C. Barnes who kbdly donated 
the type to the author. » 
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Affiliated With the American Association for the Advancement of Science 


A. 

B. 

C. 

D. 

E. 

F. 


OFFICERS AND COMMITTEES FOR 1946-1947 

President 


H. H. M. Bowman 



Vice-Presidents 



Zoology: WiLUAM C. Beaver 

G. 

Geography: Alfred J. Wright 

Plant Science: C. J. Willard 

H. 

Chemistry: Ralph V. Sinnett 

Geology: K. C. Ccwtingham 

I. 

Mathematics: (Not elected). 

Medical Sciences: Normand Hobrr 

J* 

Junior Academy: (Not elected) 

Psychology: Herbert A. Toops 

Physics and Astronomy: Harold P. Knauss 

K. 

Anthropology: F. G. Dbtwbiler 

Secretary 

Rush Elliott 




Treasurer 
Wilbur M. Tidd 

Historian 

William H. Alexander 
Executive Commiilee 

Ex-Officio: H. H. M, Bowman, Rush Eixiarr, and Wilbur M. Tidd 
Elective: J. E. Carman and A. W, Lindsey 


Trustees of the Research Fund 

M. E, Sticknev, term expires. . . 1947 

J. Ernest Carman, temi expires. 1948 

Herbert Osborn, CAoirwa;*, term expires. 1949 

Library Committee 
Mrs. Ethel M. Miller, Chairman 
Librarian in charge of Academy Exchanges and Publications 

William Lloyd Evans, term expires.1947 

A. C. Anderson, term expires. . 1948 

‘ Committee on Conservation 

Roscob W, Franks, term expires.1947 

T H. Langlois, CAairwww, term expires.. . .1947 

E. L. WiCKLiFE, term expires. 1947 

G. W. CoNRtiv. term expires. .... 1948 

C. L. Dow. term expires,. . , , , . 1948 

E. W, E. ScHBAR, term expires. . 1948 

Arthur Harper, term expires. . . . ... 1949 

George W. White* term expires. . . . 1949 

C. E. TArt, term expires. . . . 1949 

Cdmmtlles on Nominations for t$4i6~'1947 
The Vice-Presidents of 1945-194^j-Gsorg£ W. White, Chairman 
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Membership Committee for 194S~194'^ 


A. Zoology: Ralph W, Dexter 

B. Plant Science: J. Arthur Herrick 

C. Geology: J. J* Wolford 

D. Medical Sciences: Clinton M. Osborn 

E. Psychology: James Vaughn 

F. Physics and Astronomy: (Not elected) 


G. Geography: Frank J. Wright 

H. Chemistry: W, M, Burgess 

I. Mathematics: (Not elected) 

J. Junior Academy: (Not elected) 

K. Anthropology: John W. Bennett 


Academy Representatives 

1. On the Joint Administrative Board of the Ohio Journal of Science; 

WrixiAM Lloyd Evans, term expires 
A. C. Anderson, term expires. 

2. On the Council of the A. A. A. S.: Rush Elliott 

3. On the Save'-Outdoor-Ohio Council: Roscoe W, Franks. 


Anderson, A. C. 
Beaver, William C. 
Bennett, John W. 
Blaydes, Glenn W. 
Bowman, H. H. M. 
Burgess, W. M. 
Carman, J. Ernest 
COTT fNGHAM, K. C. 
Dktweiler, F, G. 
Dexter, Ralph V. 


The Council for 1946-1947 
Elliott, Rush 
Evans, William Lloyd 
Herrick, J. Arthur 
Hobrr, Normand 
Knauss, Harold P. 
Lanclois, T. H. 
Lindsey, A. W. 

Miller, Mrs. Ethel M. 
Miller, John A. 
Osborn, Herbert 


.1947 

im 


Osborn, Clinton M. 
Shetrone, H. C. 
SiNNETT, Ralph V. 
Tidd, Wilbur M. 
Toops, Herbert A 
Vaughn, James 
Willard, C. J. 
Wolford, J J. 
Wright, Alfred J 
Wright, Frank J 


REPORT OF THE FIFTY-FIFTH ANNUAL MEETING OF 
THE OHIO ACADEMY OF SCIENCE 

After skipping one year, due to government restrictions on public meetings, the Academy 
was able to resume its annual meetings in 1946 on the campus of The Ohio State University, 
May 2, 3, and 4. With the exception of sections I and J, every section presented a program, 
their length varying from a half-day to three times as much. Judging by reports which 
reached the secretary from several Vice-Presidents attendance was generally far above expecta¬ 
tions. A few more than one himdred titles of papers read at the sectional programs, most of 
them listed m the printed program, still further testify to the success of this meeting. The 
address of the retiring President, Dr. J. Ernest Carman, on the Geologic Interpretation of 
Scenic Features of Ohio, was another exceptional feature of the meeting. It was a very lucid 
and interesting explanation of some of the outstanding features of our beautiful state which 
combined general interest with scientific interpretation. 

The meeting included no general public programs. It opened as usual with the annual 
meeting of the Council, which took place at 8.*00 P. M., May 2. Sectional meetings occupied 
Friday and Saturday. 

, The banquet was served in the Faculty Club with Dr. John W. Price, Chateian of the 
Local Committee on Arrangements, as an able toastmaster. Vice-President Bland L. 
Stradlcy of the Ohio State University, welcomed the group, and Dr. Frank J. Wright of 
Denison University responded for the Academy. This part of the program concluded with 
President Carman's retiring address. 

In the annual business meeting, due to wartime inactivity of the Academy, only a few 
routine matters were presented. Those of general interest j^ere the election of officers, whose 
names appear in the preceding pages, and the presentation of the following names of fellows, 
newly elated by the Council: 
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John William Bennett 
Ralph J. Bernhagen 
Aureal Theophilus Cross 
Henry Frederick Donner 
David Hosbrook Dunklb 
Edna E. Eisen 


Jack Sargent Harris 
James G. Haub 
Zbph J. R. Hollenbeck 
Lincoln La Paz 
John Robert Lockett 
Robert Hamilton Mitchell 


Jambs Franklin Pepper 
Gordon Rjttenhousb 
William Henry Sassaman 
Paul R. Shaffer 
Jacob Jonathan Schmidt 


With the brief report of Dr. E. M. Spieker for the Committee on Resolutions, thanking our 
hosts for their contribution to the success of the meeting, the group adjourned. 

Respectfully submitted, 

A. W. Lindsey, Secretary 


REPORT OF THE EXECUTIVE COMMITTEE AND COUNCIL 

Owing to the inactivity of the Academy during the past year the Executive Committee 
met only once, on February 22, 1946, to consider plans for the Annual Meeting. Only a few 
suggestions for a meeting place had been received and no actual invitations, hence the Com¬ 
mittee concluded that it would be wise to meet at Columbus, partly to minimize travel and 
the need for hotel accommodations. Through the willingness of our members on the Ohio 
State University faculty this plan was carried out, with May 2, 3 and 4 as the dates for the 
meeting. 

The Committee also considered the reinvestment of $1300.00 received from called securities 
and authorized the Treasurer, Dr. C. E. Taft, to invest the sum in Government G Bonds. 

It was thought useless to call a meeting of the entire Council prior to the Annual Meeting, 
hence this body also met but once, on May 2, 1946. 

The meeting was called to order by President J. Ernest Carman with twenty-one members 
in attendance. 

The meeting was occupied largely w'lth reports of committees which are published in 
detail herewith. One only is excepted. This report, presented by Dr. T. H. Langlois for the 
Committee on Conservation, made several recommendations relating to the natural resources 
of Ohio which would involve legislation- On motion of Dr. John A. Miller, seconded by Dr 
C. J. Willard, the report was accepted and its suggestions were opened for discussion. One, 
providing for the issuing of permits to competent scientists for collecting for scientific pur¬ 
poses animals protected by laws was unanimously approved by the Council on motion of Dr 
F. H. Krecker, seconded by Dr. Laxiglois. The Secretary was instructed to transmit copies 
of this recommendation to the Conservation Commission, the Conservation Committoes of the 
House and Senate, and Mr. Roscoo W. Franks. 

In discussion of the remaining suggestion the Secretary spoke on the activities of the 
Academy Conference of the A, A. A. S. recommending greater co-operation of state academies 
in the practical work of conservation and moved that the President appoint a committee of 
three, including members most familiar with legislative procedure, to consider these and other 
significant matters involving legislation. The motion was seconded by Dr. W. B. Steidtmann. 
Dr. Krecker moved to amend by asking the committee to make recommendations to the Cottn- 

at its next meeting. Dr. Glenn W. Blaydes seconded the amendment, which was passed. 
The amended motion was then passed by a majority vote. The report of the Conservation 
Committee is therefore being withheld from publication at this time, pending action by the 
newly authorised contmtttee. 

Dr. C. J. Willard reported for the Membership Committee a list of fort)r-threo applications 
for membership, on eotcoptionally large number. These applications were duly accepted. 

President Carman announced the appointment of a conunittee on the Junior Academy, 
authorised at the last meeting of the Council. - .The appointees are Dr. C. H. Bennett, Dr. 
Arthur Harper and Dr. P. H. Krecker, Chairman. 

Another item mentioned at the meeting which the Secretary believes to have been omitted 
from the last published report was the gift last year of $100.00 to the research fund by Dr. 
Herbert Osborn. The Council had previously voted its thanks to Dr. Osborn for this generous 
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The Secretary preaeated aominAtioiia for fellowehip end the nomioeest wrhoee aamee are 
listed in the report of the Annual Meetinc* were unanimously elected as Fellows of the 
Academy. 

Dr. Paul Rothemund spoke on the formation of an Ohio Chemists' Committee on Profes¬ 
sional Practice and the possibility of Section H becoming associated with it. 

The meeting then adjourned. 

Respectfully submittedi 

A. W. Lindsby, S $ cf 0 tary , 


REPORT OF THE TREASURER 

Columbus, Ohio, August 15,1946. 

To the Ohio Academy of Science: 

I submit herewith a financial statement of the condition of the Ohio Academy of Science 
as December 31, 1946. The books have been audited and the opinion of the auditor is 
herewith attached. 

Respectfully submitted, 

Clarence E. Taft, Treasurer. 


Ohio Academy of Science Balance Sheet as at Dbcmeber 31, 1945 

Assets 

Current Expense Fund; 

Cash in Bank. .. . ..$2,328.31 

Bonds Owned: War Savings Series F(Cost) 111 00 

Dues Receivable... . . 112.50 


Total Assets—Current Expense Fund . 12,546 81 

Rbsbarcu Fund: 

Cash in Bank. . I 335.01 

Stocks Owned; Banc-Ohio Securities Stock (Costj. .. 437.50 

Bonds Owned: Fort Hayes Hotel, Columbus, Ohio (Cost).$1,300.00 

War Savings—Series G(Cost). 100.00 

Total Bonds Owned .$1,400 00 


Total Assets—Research Fund .2,172.51 


Total Assets. .$4,719 32 


Liabilities and Net Worth 

Current Expense Fund: 

Liabilities: Accounts Payable. .... ,$ 207.90 

Deferred Credits: 

1946 Dues Collected in 1945.. . . $17.50 

Reserve for Uncollected Dues., .112.50 


Total Deferred Credits. .190.00 


Total Liabilities and Deferred Credits.$ 397.00 

Net Worth: 

Ohio Acadernv of Science: 

Current Ejmnse Fund.. .$2,206.91 

Research Fund...2,172.51 


Total Net Worth.....4,881.43 


Total Liabilitibs and Net Worth 


. .14,719.88 
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CURSENT EzPBNSB FuND 

Inooiib: 

Dues from membership: Regular.. . .... .91,277.60 

Life Memberships. 25.00 


Total Dues from Membership. .91,302.60 

Grants for Research. 100.00 

Sales of Publications. ... 37.12 

IntereBt on Bonds. 10.W 


Total Income. . . ... .91,469.12 

Ofbrating Expenses; 

Subscriptions—Ohio Journal of Science. 9 763.60 

Printing—Proceedings of Ohio Journal of Science 177 00 

Resear^ Grants. 100.00 

Postara. 16.00 

Office Supplies and Expense.. 7.06 

Clerical Expense. 11.75 

Secretary’s Honorarium 100.00 

Auditing Expose. 15 00 

Bond of the Treasurer 5.00 

Safety Deposit Box Rent S. 60 

Miscellaneous. 10 00 


Total Operating Expenses, 1,20S.8L 


Excess or Income over Expense .9 250.31 


Ohio Academy of SaENCK Schedules 
For the Year Ended December 31, 1945 

1. Dues FOR Year; 

1945: 

Paid in 1944. . .9 15 00 

Collected in 1946; Re^ar ... . $1,192 50 

New Members. 32 60 


1,226 00 

Total 1945 Dues. 91,’S!40 00 

1944 Dues Paid in 1945. . . 35 00 

1943 Dues Paid in 1945 2 50 


Total Current Dues Collected.91,277.50 

1946 Dues Collected in 1945. 17.50 


ToUl Duds Collected . .91,296 00 

2. *Du9S Rbcbivabie: 

1946 Unpaid Dues. I 97.60 

1044 Unpaid Dues. . 10.00 

1943 Unpaid Dues. . . . 2.60 

1942 Unpaid Dues. . ... 2.60 


Total Dues Receivable. 9 112.60 

^his does not include amounts due from members who have been dropped because of non¬ 
payment of dues. 
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AUDITOR'S CERTIFICATE 

Columbus, Ohio, July 1, 1946, 

The Ohio Academy of Scienctt 
Columbust Ohio, 

Gentlb^n; 

In accordance with your instructions, I have examined the accounts and records of the 
Ohio Academy of Science for the year ended December 31, 1946, 

I have also examined the accounts and records of the Ohio Academy of Science for tht 
period Jemuary 1, 1946, to April 30, 1946. The records of Dr. Taft were in good order and all 
assets were accounted for as at the date he turned the records over to the new Treasurer 
Dr. Tidd. 

J hereby certify that in rny opinion, the books and records kept on a cash tusis arc iti 
accordance with accepted accounting principles. 

In my opinion, the accompanying Balance Sheet and Statement of Income and Expense foi 
the Current Expense Fund fairly presents the financial condition of the Ohio Academy of Sci¬ 
ence as at December 31, 1945, and the results of operations for the year ended at that date. 

Respectfully yours, 

D. M. Shonting, CerUfied Public Accountant 


REPORT OF TRUSTEES OF THE RESEARCH FUND 

For the year 1946 grants were made to Dr. J. N. Wolfe for continuation of his ecological 
studies in the Hocking Valley and to Mr. C. H. Sturgeon of the State Normal College at 
Ypsilanti, Mich., for a study of the stratigraphy, petrology and paleontology of the Salem 
limestone in eastern Ohio, sponsored by the geological department of Ohio State University 

These grants were covered by the allowance from the A. A. A. S. and there is a balance of 
available funds in the Academy treasury which with the expected allowance for 1946 from 
the A. A. A. S. will make it possible to give two or more modest grants during the current 
year. So far no requests have been received and your trustees would be pleased to have mem¬ 
bers bear this in mind when they learn of any project which can be helped by such a grant as the 
Academy can make. 

With returning conditions for normal research activity there must certainly bo many 
projects which can be assisted in this way. 

Respectfully submitted, 

(Signed Trustees), P. C. Blakk, 

M. E. Stickney, 

Herbert Osborn, Chairman , 


REPORT OF THE LIBRARY COMMirfEE 

Columbus, Ohio, May 2,1946. 

To the Council of the Ohio Academy of Science: 

The sales of publications for 1946 including sales tax, amounted to $41.83. This was the 
largest sum since 1936 when the amount was $60.06. Twenty-five Special Papers were sold to 
thirteen individuals in addition to a nearly complete set of the Academy Proceedings which 
was purchased by a western college. As usual Dr. W. G. Stover's Agaricaceae paper headed 
the list with twice as many copies as the next highest. 

In 1942 it was reported to the Council that all the foreign exchanges outside the Americas 
had been removed early in 1941 from the mailing list of the Ohio Journal of Science except 
fourteen Which had assumed the risk of transportation. In May, 1942, all the foreign addresses 
were removed, although the Canadian ones were soon replaced. The stock of each issue of the 
Journal has been stored in the Botany and Zoology Ubrury to be posted at the end of the war to 
the Institutions still in existence. 
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The addresses are now being; replaced just as fast as mail service for periodicals is resumed 
with the various countries. Last July 161 names in 36 countries were replaced and all back 
volumes were posted to 132 of them for 19 were still limited to l-lb. parcels and the back vol¬ 
umes weighed over eight pounds. It required 20 parcels and the postage was $106.00, This 
was paid by the Journal management for it would have done so if the issues had been mailed at 
the regular time of publication. So far this year 45 more names in 13 countries have been put 
back onto the mailing list for Volume 40 and the back volumes are now being assembled and 
packed for the 64 addresses. Only a few countries remain off the list and they will be replaced 
as soon as mail service is resumed. The Journal management will continue to pay the postage 
on the back volumes. 

On the other hand back volumes are arriving almost constantly from the foreign exchanges 
to complete our sets of their publications. Thus it may not be so long until the exchange 
situation is nearly back to normal and only the current issues will be sent and received. 

Several new exchanges have been added and some of the older ones have begun to publish 
new journals which are l>eing sent in addition to those which they were already sending to us. 

As would be exiJected it has been necessary to make more changes than usual in the mailmg 
list for the addresses of the members of the Academy. 

Respectfully submitted^ 

William Lloyd Evans, 

A. C. Anderson, 

Ethel Melsheimer Miller, Chairman , 


Jan. 9. 
Jan. 23. 
Feb. 14. 
Mar 27. 
April 20. 
April 26. 
April 27. 
April 28. 
Tune 16. 
June 22. 
Aug. 6. 
Oct. 3. 
Oct. 4. 
Oct. 26. 
Dec. 11. 
Dec. 26. 


Ohio Academy or Science Sales 
January 1—December 31, 1946 

C. M. Finfrock, Western Res. Univ., Sp. P. 20, 3 Cop. 

G. H. Beatty HI. Merion, Pa., Sp. P. 2, 5. 8 . 

Robert Teeters, Philadelphia, Sp. P. 1, 7, 9, 12. 

P. Hale, Botany Dept., O. S. U., Columbus, Sp. P. 18. 

H. F. Hansell, Midaletown, Sp P. 3 . 

P. Hale, Botany Dept,, 0. S. U., Columbus, Sp.^P. 16 
F. G. Dickason, Wooster, Sp. P. 18. 

T. A. Koshy, Allahabad, India, Sp. P. 18 
C. L. Worley, Hiram, Sp. P. 11, 16.... 

Mrs. Lida Whittier, Cleveland, Sp. P. 18 , 

Oregon State College Library, Corvallis, nearly complete set 

A. P. Beyer, Univ. Cincinnati, Sp. P, 18, 6 cop 

A. B. Williams, Cleveland Mus. Nat. Hist., Sp. P. U.. 

A. F. Beyer, Univ. Cincinnati, Sp. P. 18. 

Mrs. H, id. Spandau, Lexington, Sp. P. 2, 6, 16. 

R. B. Rypma, Athens, Sp. P. 3. 

Total., 


PRICE 

.$1.60 

TAX 

1 60 


2 10 


.75 

.03 

. .60 

,02 

.. ,50 

.02 

.. .75 

03 

. .75 


. 1 00 

03 

.76 

03 

24 30 


. 3.76 


.. .60 


.. .75 


.. 1.60 

05 

., .60 

.02 

.$41.60 

.23 


FINANCIAL STATEMENT OF SALES 

Sales for 1945.... .,$41.60 

Sales Tax receipts ,. .23 


$41.83 

EXPENDITURES 

Feb, 26, 1945, paid on 1945 sales .$ .21 

June 26, 1946... . 8.72 

Oct. 27,1946. . . 24.30 

Dec. 31.1946 50 

Feb. 23,1946. 1.60 

March 27, 1946. 1.09 

May 1.1946. . .. 4.92 

July 10,1946, 60 1-cent sales tax stamps.... ... .49 


Total..$41.88 
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REPORT OP THE JOINT ADMINISTRATIVE BOARD OP THE 
OHIO JOURNAL OP SCIENCE 

Columbus, Ohio, April 25,1946. 

To iho Ohio Academy of Science: 

The azmuftl meeting of the Joint Administrative Board of the Ohio Journal of Science 
was held at Colutnbtis, Ohio, April 26, 1946. The meeting was called to order by Chairman 
Snyder. Present were Drs. Snyder and White representing the Ohio State University, Drs. 
Evans and Anderson representing the Ohio Academy of Science and Drs. Blaydes and Miller 
representing the Ohio Journal of Science. 

The minutes of the preceding meeting were read and approved. 

Upon a motion by Dr. Anderson which was seconded by Dr. Evans, Drs. Blaydes and 
Miller were unanimously elected Editor and Business Manager respectively, for the year 
1946-47. 

Drs. Snyder and White were aj^inted by the board to audit the accounts of the Journal 
for the year 1946-47. 

Dr. Blaydes was called upon for the editor's report, a copy of which is herewith attached. 
A review of the papers presented in Volume 46, together with a discussion pertaining to eictend- 
ing the range of areas included, followed. 

Dr. Evans moved that the chairman of the board and the editor constitute a committee 
to fill a vacancy on the editorial staff which was created by the resignation of Dr. Jarvis, was 
seconded by Dr. White. Motion passed. 

It was further agreed that Dr. Blaydes be authorized to accept upon his discretion such 
papers as may be presented during the symposium conducted by the Medical Section of the 
Academy and publish the same in the Journal, provided, that the Journal receive from the 
Medical School or its agent the sum of 1250.00 to aid in the publication of the same. 

Dr. White moved that the editor be given permission to experiment with the publication 
of short notes for the period of one year and to report at the next annual meeting of the board 
upon the results. This motion was seconded by Dr. Anderson and passed by the board. 

Dr. Evans moved that the report of the editor be accepted This motion was seconded by 
Dr, White and passed by the board. 

The Chainnan next called for a report from the Business Manager. Dr. Miller’s report 
was in the form of a financial statement for Volume 45 of the Ohio Journal of Science, a copy of 
which is herewith attached. Dr. Miller directed the attention of the board to several per¬ 
tinent facts relative to continued increases in coat of publication. He cited the fact that this 
year’s budget was the largest m the history of the Journal. 

It should be noted that the Journal is now receiving $1,000.00 as a contribution from The 
Ohio State University. The Academy, on the other hand, contributed $774.00 for the fiscal 
year. 

The business manager announced the receipt of a gift of $500.00 from Dr. C. F. Kettering. 
This benevolent act was made possible largely through the efforts of Dr, P. Rothemund. The 
business manager expressed his desire that this gift and the loyal support of Dr. Rothemund 
he called to the attention of the Academy. 

A review of the balance sheet will disclose the prediction made one year ago to the Acad¬ 
emy, that, namely the income from the University and the Academy, together with subscrip¬ 
tions, etc., are insufficient to defray the current costs of publication. Wore it not for the gift 
from Dr. Kettering and the payment by the Academy of the 1944 proceedings the Journal 
would today be in debt. It was strongly urged that the Academy match the University in 
suj^rting the Journal. 

Dr. Evans moved the acceptance of the report of the Business Manager, seconded by Dr. 
White and passed by the board. 

There being no further business to ccane before the board it was adjourned. 

Respectfully submitted, 

John A. Millbb, 

S$Cfetary of the Board. 
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Trb Ennoft's Rbport to the Joint Administrative Board os tre 
Obio Journal op SasNCB 
April 25.1M6 

The Ohio Journal of &ctenoe« VoL 45* 1945: 

Total number of pages printed in Vol. 45. .306 

* Number of papers in Vol. 45. ... .38 

Distribution of papers by subject: 

Botany. 7 

Chemfstiy. 2 

Climate (weather). ,. 1 

Entomology ... 5 

Genetics. 2 

Geolo^.3 

Ohio Acad. Annual Report, including Constitution and By-Laws 
and Membership List. , ..... ,1 

Zoology. . . , , . .7 


Total. .. 28 papers 

Book Reviews.9 

Review Papers: 

Fueling a Global War* Max W. Ball* Jan.* 1945. 

Problems of Suflonamide Chemotherapy* May* 1945. 


Financial Report of The Ohio Journal of Science—Fiscal Year 1946 


RECEIPTS 

Balance from 1944. I 127.69 

University Allowance. 1*000.00 

Ohio Academy of Science—pro rata of dues. 763.50 

Ohio Academy of Science—pro rata of dues. * 10 50 

Ohio Academy of Science—Proceedings 1944 .195.29 

Ohio Academy of Science—Proceedings 1945. 167 40 

Subscriptions. . 102 00 

Sale of Back Numbers. . j . 98 96 

Author's Payment for Plates. 129 03 

g weial Grant from the University Graduate School. 216 00 

ift from C, F. Kettering ., 500.00 


Total Receipts. . .$3*309.36 

Check outstanding (No. 440, Postmaster). 34.90 


$3*344.26 

EXPENDITURES 

Spahr and Glenn. Printing^-Volume 45. . . $2,022.24 

Bucher Bugravina Company. 561.14 

Postmaster—Mailing ciurent number. . 80.76 

Postmaster—Foreign mailing coat. .106.00 

Bank Charges. 2.78 

Clerical Assistance. 26.50 

Cplumbus Blank Book Company—Supplies. 5.82 


$2*805.18 

Balance on hand, Pebpary 28* 1946 (Huntington National Bank). 689.08 


$3,344.26 


REPORT OF THE COMMITTEE ON NECROLOGY 
July* 1946 

The Committee on Necrology tegrets to report the death of several members of the 
Academy. The intematiim for the accompanying biographical sketdxes has been kindly 
fmlshed by eloae friends of the members mentioncMi. 
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WnXIAU MORTON BARROWS 

On February 24, 1946, the Ohio State University lost one of its outstanding teachers by 
the death of Professor William Morton Barrows. He had been in ill health for two years and 
had voluntarily retired to the rank of Professor Emeritus on August 30, 1946, 

Professor Barrows was bom April 7, 1383, at Rochester, N, Y. He was the son of the late 
Professor Walter Barrows of Michigan State College, East Lansing, Mich. In 1903 he g^d- 
uated from Michigan State College with the degree of B. S. In 1906-1906 he attended Harvard 
and earned the degrees of B. S, and M. S. He returned to Harvard and received the D. Sc. 
degree in 1920. While a student in Cambridge he met Miss Eleanor S. Burton whom he mar¬ 
ried June 25, 1908. They had two sons, Dr. W. Morton Barrows, Jr., professor of physics in 
the University of Florida at Tallahassee, and Major Arthur B. Barrows of the U. S. Marines, 
who lost his life during the recent war. 

From 1906 to 1907 Professor Barrows was professor of science in the North Manchester 
College, Indiana. Prom 1907 to 1009 he was instructor of zoology in the New Hampshire State 
College, Durham, N. H. In 1909 he joined the staff of the Ohio State University in the depart¬ 
ment of Zoology. In 1923 he gained the rank of professor. In 1929 he became supervisor of 
general zoology which position he held until hi.s retirement. 

Dr. Barrows was the author of Science of Animal Life, a text for high schools, and of numer¬ 
ous shorter papers on various phases of biological science. His special research was on the 
taxonomy of spiders in which field he became widely recognized as one of the few authorities. 
His library of spider literature and his collection of type forms, among the best of the world, 
are now in the possession of Ohio State University. 

Among his most outstanding characteristics were a jovial personality, a keen wit, and the 
ability to induce his students to think clearly about their work, 

» 

KEVIN M. PBNNBMAN 

The State of Ohio and the nation both lost one of their leading scientists through the death 
of Dr. Nevin M. Fenneman on July 4, 1946. Dr. Fenncman was bom in Lima, Ohio, Decem¬ 
ber 26, 1866. He was graduated from Heidelberg at Tiffin in 1883 with the degree of A. B. 
From that time until 1900 he taught in various secondary schools. In 1901 he received his 
Ph.D. degree from the University <rf Chicago. Following that he became Professor of Geology 
at the University of Colorado in 1902 and also joined the United States Geological Survey, 
From 1903 to 1907 he was Professor of Geology at the University of Wisconsin and also served 
as geologist on the Wisconsin Geological and Natural History Survey. Prom 1906-1908 he 
was geologist with the Illinois GeologicaV Survey. In 1907 he was called to the University of 
Cincinnati where he organised the Department of Geology and Geography. There, during 
the years he developed numerous geologists. 

In addition to his other activities he served on the United States Geological Survey tor 
over a quarter a century. Among his outstanding contributions was a two-volume work on 
the Physiography of the United States. Among the offices held and the honors which came 
to him were the following; president of the American Association of Geologists, of the Yellow- 
stone-Bighom Research Association, and of the Geological Society of America; vioe^iresidont 
A. A. A. S. section for geology; repres^tative of the United States at the Pan-Pacific Science 
Congress held in Tokyo; Gold Medalist Geographical Society of Chicago; honorary LL. D, 
from the University erf Cincinnati. He was a member of Sigma Xi, Phi Beta Kappa, and the 
American Society of Naturalists. 

One who knew him well wrote; *'His stem teaching, his kindly, searching criticism, his 
keen encouragement and his own deep humility, all left their mark. He was the last of the 
great trio of American physiographers—Daves, Fenneman aald Johnson.'* 

PRAKOS N. marhsld 

Francis N. Maxfield, professor of psychology at Ohio State University, died suddenly 
November 10th, 1946. He had been a member of the facnlty since 1926. Bom sixty-eight yean 
ago in Sandwich, Massachusetts, he received his A. B. from Haveiford in 1897 and his 1%. D. 
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trom Pennsylvania in 1912. In the period between these degrees ho taught at the secondary 
level. This was followed by six years on the faculty at the University of Pennsylvania, two 
years as psychologist in the Newark, New Jersey, Public Schools, and five years as director of 
special education for the state of Pennsylvania. At Ohio State his principal activities involved 
teaching courses dealing with deviates and with psychometrics, carrying a portion of the 
service load in the psychological clinic and providing liaison with outside agencies needing 
psychological help such as the Children's Hospital and local courts. His research interests 
dealt particularly with feral children and with children reared in isolation. His a vocational 
mterests centered around the bridge table and the flower garden. His influence will still be 
felt through the students who majored under his direction and in the numerous clients whose 
life adjustments benefited from his counsel. 

Submitted for the Committee, 

Frederick H. Krbcker. 


RESOLUTION ADOPl^ED BY THE OHIO ACADEMY OF SCIENCE MAY 3, 1946 

"In recognition of the general facility and hospitality freely offered by The Ohio State 
University, and the extensively effective labor expended by the local committee, be it 

**Resolved, that the Ohio Academy of Science formally acknowledge these excellent 
advantages and express its gratitude to the committee and the administrative officers of the 
University for the entire provision that has made possible this highly successful meeting," 



BOOK NOTICE 


Moiquitoea of Sou^ern United Statea 

This is one of the most welcome and useful monographs to reach the reviewer s desk for quite 
some time. It is a well written and well arrai^ed autnori^tive account of the mosquitoes of 
the region Indicated by the title. It will be an invaluable aid to eve^ entomologist. 

The book begins with an account on the life history of mosquitoes in general and their relation 
to diseases of medical importance. This is followed by techniques for collectin|[ eggs, larvae and 
adults: transporting, mounting, and storing larval and adult stages; preparing specimens for 
study; dissection for malarial parasites; rearing methods, and techniques for identification with 
the characters of eggs, larvae, pupae and adults used for this purpose. The family Cubicidae is 
then presented with keys to subfamilies and tribes for the larval, pupal and adult stages, followed 
by keys to species for each genus. Seventy-one species are recorded for the region. A bib¬ 
liography of 18S references ana an index completes the book.— R, H, Davidson, 

Mosqultoet of Southern United States, by Stanley J. Caro^ter, W. W. Midddkauf! and 
Roy W. Chamberlain. 292 p^es, May, IW. American Midlai^ Naturalist Monograph 
No. 3. Univerrity Press, Notre Dame, Ind. $4.00. 
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THE TEAYS RIVER 

KARL VER STEEG, 

College of Wooster, Wooster, Ohio 

ABSTRACT 

The course of the Teays River, a large Tertiary stream, including the resent Kanawha 
and New Rivers and their tributaries, has been traced from its source in the Piedmont region, 
westward to the illinots River. This stream, more than miles long, crossed the entire 
Appalachian region, passing through the abandoned valley, from a point near St. Albans to 
Huntington. West Virginia. From Chillicothe, Ohio, the buried valley of the Teays has been 
traced, by means of well records, in a westerly direction across Ohio, Indiana and Illinois to 
the Mississippi. The Tec^s River was a mature stream and drained a maturely dissected 
region. An early glacier, Kansan or pre-Kansan, dammed its westerly course in Ohio, ponding 
the waters, forming lake-like expanses in southeastern Ohio. In the ponded areas, slact-water 
deposits were laid down. The broad valley of the Teays (Kanawha-New) River was an avenue 
for the migration of plant life from the Piedmont region to southeastern Ohio. 


INTRODUCTION 

W. C. Tight^ was the first to discuss the drainage modifications of southeastern 
Ohio and to trace the course of the Kanawha River through the abandoned Teays 
valley in West Virginia to Chillicothe, Ohio, Where it disappears beneath the 
glacid drift. The writer,* by means of well records, was able to trace the course 
of the buried Teays valley in a northwesterly direction from Chillicothe to St. 
Marys Reservoir in Mercer County, Ohio, and to the Indiana state line. The 
course, westward through Indiana was traced by Fidlar,® by means of well records, 
and roughly follows the Wabash River to its outlet. Horbe^,^ of the Illinois 
State Geological Survey, established the existence of a large buried valley which he 
named, “Mahomet River,” extending westward from the Illinois-Indiana state 
line, through central Illinois and entering the well known bedrock valley along 
Illinois River, formerly occupied by the ancient Mississippi. 

Pidlar* traces the preglacial Teays Valley through Fountain Cotmty, Indiana, 
some distance east of WaDash River, to join the present valley south of Covington. 

Horberg^ proposes an alternative hypotheses in which he suggests that the main 
valley turned west, near Lafayette, Indiana, through southern Benton County 
into Illinois, and as Mahomet Valley, continues westward to join the bedrock 
valley along the Illinois River. To support his view, he states that this valley 


‘Tight, W. G., Drains Modifications in Southeastern Ohio and Adjacent Parts of West 
Virginia and Kentucky, ftof. Paper, No. 13, U. S. G. S., 190®. 

*Vcr Steeg, Karl, The Buried Topography of Western Ohio. Jour, of Geology, Vol. XLIV, 
No. 8, 1936, ro. 918-039. 

-, Tnickness of the Glacial Drift in Western Ohio. Jour, of Geol., Vol. XLVI, No. 4, 

1988, np. 654-860. 

•Pidlor, M. M., The Preglacial Teays Valley in Indiana. Jour, of Geology, Vol. 51, 1043, 
pp. 411-418. 

^Horbere, Leland, A Major Buried Valley in East-Central Illinois and its Regional Rela¬ 
tionships. Manuscript read before Section E, Amer. Assoc. Advancement of Science, 1944. 
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in southern Benton County appears to be comparable in size to the one above 
Lafayette; bed rock elevations to the west are lower and more closely spaced than 
they are to the south, where there is an interval of about 90 miles before com¬ 
parable low elevations are shown by Fidlar; this interval is an area of high bedrock, 
as indicated by weU records and bedrock exposures. Furthermore, Horberg 
believes that the published evidence supporting the buried valley through Fountain 
County is inconclusive, and points out that Leverett in a discussion of the wells of 
Fountain Comity, in Indiana, makes no reference to an important buried valley 
within the county. Although the details of the buried drainage lines in the 
Lafayette region are not clear, the existing evidence strongly indicates that the 
main preglacial valley of the Teays continued into Illinois. 

THE COURSE OF THE TEAYS 

The name “Teays” was applied by Tight* to the stream which occupied the 
broad depression known as the Teays Valley, in Cabell and Putnam counties, 
West Virginia. In a general sense, the term is used to indicate the period of 
erosion in Ohio, before glaciation. The term is applied not only to the great 
stream and its tributaries, but to the work of all the streams contemporary with it.® 
The immaturely developed erosion surface associated with the Teays system is 
known in Ohio as the Parker Strath. The Teays River, the master stream of the 
system, was a large preglacial river and had its source near the eastern escarpment 
of the Blue Ridge, at the edge of the Piedmont Plateau in North Carolina and 
Virginia. The New River, the southernmost tributary of the Teays River, rises 
in Wautauga County in the Blue Ridge area, northeast of Asheville. From 
thence it flows in a northeasterly direction for some distance and after making a 
right-angled bend, it trends northward to join the Gauley River to form Kanawha 
River, which continues in a northwesterly direction to Charleston. In West 
Virginia, the Teays received the waters of the Greenbriar River, Gauley River, 
Elk River and numerous minor tributaries, including a drainage area of the entire 
southern half of the state. In its course, the iWys River cut across the folded 
Appalachians, a remarkable feature which calls for an explanation as to the origin 
of its drainage. In addition to the waters of the New-Kanawha system, the 
Teays River received the major portion of the drainage from an area including one- 
half to two-thirds of Ohio and a large part of Indiana. Illinois and northern Ken¬ 
tucky, The Teays River, after passing through the abandoned valley, from a 
point near St. Albans to Huntin^on, West Virginia, extended across Ohio in a 
northwesterly direction; its valley buried beneath the glacial drift, continues from 
Chillicothe to the border of Indiana, near St. Marys Reservoir. From there, its 
course is westward’ across northern Indiana to the eastern border of Illinois.® where 
it continues in a westerly direction across that state, into the bedrock valley 
of the Illinois River. This great stream, one of the largest of Tertiary time, was at 
least 800 miles long and probably longer, (Spending upon what evidence one 
as to its course in Indiana and Illinois, 

The significance of the abandoned Teays Valley from St, Albans, West Vir¬ 
ginia, to Chillicothe, Ohio, and its relationship to the preglacial drainage in Ohio, 
was first determined by Tight.® This valley varies in width, from three-quarters 
to one and one-quarter miles, an average of a mile being about correct; its length 
is about 30 miles from St. Albans to Huntington. No doubt, a large stream once 
occupied this abandoned valley. Tight includes Flatwoods Valley, from Ashland 


•WtfW, 1. 

•Stout, Ver Steeg and Lamb, Water in Ohio. Bulletin 44, Geol. Surv, Ohio, 1943, p. 51. 

3. pp. 411-418. 

•/dfm., 4. 

1 . 
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to Ironton, as an extension of the Teays Valley. Prom Huntington to Wheelers- 
burg, the present Ohio River, which occupies this portion of the old Tea 3 rs Valley, 
did not obliterate all traces of the former occupant, as the floor of the original 
valley is indicated by the extensive silted flats south of Ashland and the terraces 
between Franklin Furnace and Wheelersburg on the Ohio side. 

At Wheelersburg, the Teays River flowed northward past Minford, Stockdale 
and Beaver, to Waverly, through a high-level, broad, well-defined open valley. 
The Scioto River has eroded and partially destroyed the Teays Valley from Waverly 
to Richmondale, but its floor exists as broad upland flats, near Omega and Higby. 
The Teays continued northward to ChiUicothe, where the old valley disappears 
beneath a thick covering of Wisconsin drift. 

From ChiUicothe, the course of the buried Teays Valley, is based on weU records 
plotted by the writer.^® These are shown on the map (Fig. 2), and include the 
minimum, maximum and average depth to bedrock. Some of the wells do not 
reach bedrock and are indicated on the map by the letter Prom ChiUicothe, 

the Teays Valley can be traced in a northwesterly direction past Andersonville, 
crossing the southwestern part of Pickaway County, past Atlanta. From there, it 
crosses the extreme northeast comer of Fayette County near Waterloo, extending 
in a northwesterly direction past London in Madison County, to Vienna in Clark 
Cotmty, where the Teays was joined by a tributary, the Groveport River,” which 
drained a large area in central Ohio, I^om Vienna, the Teays River continues in a 
westerly direction, to a point near Springfield, in Clark County, and thence north¬ 
westward past Boultisville and St. Paris in Champaign County, and Sidney, Anna 
and Botkins, in Shelby County, to the southeastern part of Washington Township 
in Auglaize County, where it was joined from the north by a tributary, Wapakoneta 
Creek. The Teays continued its course westward past the village of Mercer to 
Rockford, and from there, westward to the Ohio-Indiana state line, in the north¬ 
western part of Rock Creek Township, in Mercer County. 

TRIBUTARIES OF THE TEAYS RIVER 

The tributaries of the Teays, in the unglaciated area beyond the drift border in 
southern Ohio, exhibit the same characteristics shown by the master stream; the 
adjacent hills are considerably reduced, the tributaries have low gradients, broad 
valleys for the size of the streams which occupied them, and dencMtic pattern, aU 
features of maturity. The largest of the tributaries in Ohio^* are the Marietta 
River, Hamden Creek, Albany River, Barlow Creek, Portsmouth River, Logan 
River, Bremen Creek, Putnam Creek, Cambridge River, Groveport River, 
Mechanicsburg Creek, and Wapakoneta Creek. 

In his paperi^ on the Teays River in Indiana, Fidlar mentions a number of 
tributaries which have been partially traced. From the size of these streams, it 
appears that the Teays River drained a large area in northern and central Indiana. 
Horberg,^* who traced the Teays River across Illinois, shows a tributary from the 
north which entered the Mahomet Valley near Paxton, and important tributaries 
from the south, north of Danville, and in western Logan and Menard counties. 
Tight^^ shows a tributary, called the Cincinnati River, flowing northeastward from 
the southwest corner of Ohio, to Da 5 rtQn, to join the Teays River, There is evi¬ 
dence^® that the drainage in the Miami basin, just before the advent of the ice age, 


“/dew., 2. 

“/dew., 6, Map of Teays Drainage, p. 60. 
“/dew , 6, pp. 67-70. 

“/dew., 8. pp. 412, 413, 416, 417. 

“/dew., 4. 

“/dew,, plate I. 

«/dew., 2. p. 927, 




Fiff. 2, Map showing the buried valley of the Teays River and other streams in Ohio. Figures 
above tne line indicate minimum and maximum thicknesses. Figure below the line rep¬ 
resents the average thickness. The letter indicates that beorock was not reached. 
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was southward as it is today. This evidence is based on the general slope of the 
bedrock surface in the Miami basin. It appears that a divide existed between the 
piegladal Tea^ and the Miami watershed. Well records do not indicate a broad 
depression which widens northward and is of sufficient size to have accommodated 
so large a stream as the Cincinnati River. 

STAGE OF DEVELOPMENT IN THE CYCLE OF EROSION 

The Kanawha Valley at St. .^bans, West Vi^nia, is about the same size as the 
Teays Valley; an average width of about a mile. The stream that occupied the 
Teays Valley from St. Albans to Wheelersburg, Ohio, was nearly the same size as 
the Kanaw^ River near St. Albans and Charleston, which is smaller than the 
present Ohio River. The buried Teays Valley in Ohio may have a width of as 
much as five miles, in places. 

Pidlar*t does not give the width of the Teays Valley in Indiana but indicates 
that it is a broad depression. 

Homberg** states that the inner portion of the buried Teays (Mahomet) River 
valley Isnng below elevations of 460 feet, is about four miles wide near the east 
state line, five miles in central Piatt Coimty and about fifteen miles in DeWitt 
County; ^though the valley walls cannot be sharply drawn in most places because 
of the lack of detailed data, a notable widening is indicated for the downstream 
portion of the valley. He also indicates** that the valley of the Teays (Mahomet) 
River in Illinois was mature and cites the relative width and depth and the wide 
distribution of low elevations in DeWitt County, which suggest the presence of a 
floodplain. 

Tight** believed that beginning with the old Tertiary peneplain as a base, a 
very long cycle of erosion produced the topographic featiu^s of the Teays Valley 
and its well-graded floor, which must have stood near base-level for a considerable 
length of time. Although there is little evidence for the stage in the erosion cycle 
of the btuied Teays Valley in Ohio, it is assumed, from the appearance of the 
abandoned valley from St. Albans to ChiUicothe, and from the width of the buried 
valley as determined by well records, that it was in the mature stage. Fidlar** 
states that the Teays Valley had reached the stage of maturity before the advent 
of the Pleistocene ice sheets. 

The bed rock of the Teays Valley has an altitude of about 700 feet at Scary on 
the Kanawha River; 660 feet at Huntington, West Virginia; 650 feet on Dogwood 
Ridge near Wheelerebu^, Scioto County, Ohio; 645 feet near Glade, Jackson 
County; 640 feet near Givins, and 630 feet at Omega, Pike County; 610 feet near 
Vigo, 592 feet at Schooleys, and 590 feet at ChiUicothe, Ross County; 572 feet near 
Atlanta, Pickaway County; 530 feet near London, Madison County; and 465 feet 
under St. Marys Reservoir in Mercer County. The gradients and floor levels 
of the tributary streams conform quite weU, indicating that the elevations along 
the floor of the buried Teays VaUey are approximately correct." 

From Htmtington, West Vir^;inia, to Schooleys, near ChiUicothe in Ross 
County, a distance of about 90 miles, the rode floor of the Teays Valley descends 
about 9 inches to the mile. From Schooleys to the St. Marys Reservoir, the 
distance is about 133 miles and the faU of the rock floor is 132 feet, or nearly one 
foot per mile. From Huntii^^ton to the St. Marys Reservoir, a distance 233 
miles, the gradient is 10.76 inches per mile. 


"Mem., 3. 
"Idem., 4. 
"Idem., 4. 
"Idem., l,p. M. 
"Idem., S, p. 412. 
"Idem., 6, p. S8. 
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The bedrock elevations along the Teays Valley in Indiana* according to Fidlar,® 
are as follows; Jay County, 463 feet; Miami County, 423 feet; Lafayette, Indiana, 
384 feet; Oxford, Benton County, 300 feet. According to Pidlar,“ the Teays 
Valley in Indiana, had a gradient of approximately 8 inches per mile; the bedrock 
floor drops from an altitude of 463 feet in northwestern Jay County, to an altitude 
of 229 feet in southwestern Posey County, 

In Illinois, the elevations along the floor of Teays (Mahomet) Valley, according 
to Horberg,*® are as follows: Rankin, Vermilion County. 358 feet; Paxton. Ford 
County, 343 feet; Clinton, DeWitt County, 340 feet; Beardstown, Cass Coiuxty, 
311 feet. This is a fall of 47 feet. A gradient of 7 inches per mile is indicated for 
that portion of the Teays above Beardstown, Illinois, 

From all the evidence, such as the great width and low gradient of the Teays 
Valley, and the bordering hills, which are well-rounded and graded, one would 
assume that it was in the mature stage of the cycle of erosion. Everywhere, in 
West Virginia, central and southern Ohio, the adjacent hills were reduced and the 
land highly dissected in dendritic pattern. In preglacial time, in western Ohio, on 
the easily eroded shales and limestones which were peneplaned, the valleys in the 
Teays stage were broad, such as would exist in a region worn down to an advanced 
st^e of erosion. From North Carolina to Chillicothe, Ohio, the New-Kanawha 
River is entrenched below an extensive erosion surface which is known as the 
Harrisburg peneplane. The erosion level, known as the Parker Strath and also as 
the Teays surface, is younger and does not appear to be developed to any great 
extent in the Allegheny Plateau province in Pennsylvania and West Virginia. 
What surface it is correlated with, in the folded App^achians, is not determined. 
The Parker Strath represents the immature peneplane or partially developed 
base-level evolved in Teay^s time. This erosion surface should be more extensively 
developed in western Ohio on the widespread, weaker limestones and shales of 
Siltuian and Devonian time. Furthermore, the vertical distance the streams 
had to cut down to reach grade or base-level, was less than farther east in the 
Allegheny Plateau area, where harder Mississi^Jpian and Pennsylvanian sandstones 
and conglomerates stand higher and offer more resistance to erosion. The original 
slope of the Appalachian Plateau was toward the east as it is today, and the first 
streams probably worked headward from the west and northwest. 

In Ohio, the buried Teays Valley is entrenched below an upland surface. At 
the London Prison Farm, located northwest of London, in Madison County, Ohio, 
one well record shows that the drill penetrated 625 feet into glacial material and 
did not reach bedrock. A short distance to the east, another well record shows 
a depth of only 324 feet to bedrock. Here, the wall of the buried valley is steep 
and makes a sharp break with the old surface. A study of the well records indicates 
a deep valley (Fig. 2), comparatively narrow in places, with rather steep sides. 
In Shelby County, near the town of Anna, a deep, narrow valley is indteated by 
well records, showing more than 500 feet of glacial drift. To the east and west of 
this channel, the elevation of the bedrock is about 800-900 feet. A deep, and 
comparatively narrow valley is indicated by the well records in Mercer County at 
St. Marys R^ervoir, the surface bordering the trough standing at 700-^800 feet. 

Pidlai^ states, liiat in Indiana the well records show that the bedrock surface 
slopes gradually toward the Tea^^ Valley, and that this slope becomes abrupt at the 
site of the rock trough. He points out, that near central Blackford Coimty, the 
bedrock surface drops more than 250 feet in less than one-fourth of a mile. The 
bedrock upland in this vicinity has an e*ltitude of approximately 800 feet above 


Vdem,, 3. 

3, Abstract, p. 411. 
x/dm., 4. 

3. p. 415. 
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searlevel and the valley flcx>r is at least 350 feet lower. Fidlar'a figures on the depth 
of the Teaya Valley ^ not indicate that it is ahallow with gently slewing sides. 
In iuinois," the bewock elevations alcmg the buried valley are len than iOO feet 
above sea-level, or 200 to 300 feet lower than the elevations on the adjoining 
bedrock uplands. Its averc^ depth is pven as about 200 feet. Aocoroung to 
Horberg,” there is a suggestion that the Teays Valley, in lUioois, may have been 
eroded diuing two cycles, as the inner valley is entrenched below a broad, outer 
valley. This is indicated by the pronounced break in slope below the 550-500 foot 
contours and by the absence of comparable low elevations outude the inner valley. 
The Teays Va&y becomes broader to the west, which is as one would expect. 
It appears that the buried preglacial bedrock surface on the uplands along the 
Teays in Ohio and Indiana, is t^ equivalent of the same buried surface in western 
Ohio, which is believed by some geologists to be the same as the Parker Strath. 
This surface was developed in late Tertiary time and has been called the Teays 
erosion sui&ce/* since it was developed along that pre^^adal stream and its larger 
tributaries, just before the advent of the Pleistocene loe-sheets. 

The most striking features of the topography of the area drained by the Tea}rs 
River, from its source and across the fold^ Appalachians, through the Allegheny 
Plateau and southeastern and central Ohio, are the upland peneplane, the mature 
valleys of the old cyde, the deeply cut trenches of the present drainage, and the 
terrace fillings in the bottoms of those trenches. A summary of the events which 
took place in southeastern Ohio are: (1) the reduction of the region to the base-level 
of the early Tertiary peneplane (Harrisburg); (2) the elevation of the early Tertiary 
peneplane and the rejuvenation of the mature drainage, with the entrenchment of 
the streams in deep valle 3 ns, which retain the meanders of the ancestral streams; 
(3) t^ gradation of the drainage, with the development of mature topographic 
feattues and the reduction of the upland peneplane (Hairisburg), with the develop¬ 
ment of dendritic drainage; (4) sla^-water conditiems, produced by the Kansan or 
pre-Kansan ice-sheet, with the widespread deposition of silts up to the present 
elevation of 860 feet and to a depth of as much as 80 feet or more in places, and 
many deflections of drainage from the old lines; (5) rejuvenation and deep erosion 
the new lines of drainage below the level of the old s:^stem. This period of 
erosion is known as the Stage** and is inteiglacial, bqpnning with the Kansan 
or pre-Kansan ice-sheet and dosing with the advent of the Illinoian glacier; 
(6) interruption of the De^ Stage and the filling of the vallej^ with Illinoian till, 
glacial gravel trains and silts; (7) the erosicai of the valley fillings and the cuttii^ 
of the intermediate terraces to the depths of the present streams; (8) 'V^sconsin 
glaciation and filling of the valleys with till and outwash; (9) die reduction of the 
volume pf die streams and continued stream action to the present time under 
existing conditions. From the inauguration of the Kansan or pre-Kansan ke-^eet, 
the Teays drainage s^st^ in Ohio was tremeodoosly changed, during the advance 
and retreat of the Ilhnoian and Wisconsm Raders. 


OOBXBLATION OF BOtOSlON SVWACBS IN aUNO» 

According to Horberg,*^ a prdiminary study of the eronoa surfaces in Illinois 
BUfl^ts that the Teays (Mahomet) VaQ^is entrenphsd bdow the levd of a 
surface which is probably yoimger thra the l>)dgeville or aouthwestem Wisconsin. 
In the Havana region, the inner valley of the buried Teays (Mabosnet) River 
appears to be eroded bdow the level of a still younger strati which is atmt 500 

"Urn., 4. 

"Idtm., 4. 

"idm., 6, p. 51. 

"Idem., 6, p. 78. 

•*Horberg, Leland, Commuoioatioa by letter. 
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feet above sea>Ievel. Similar straths are present in the and Wabash 

basins. Hwberg finds no evidence of important bedrock erosions during the 
Yarmouth interglacial epoch, which wotild correlate with the Deep Stage inuhio. 
He believes Mahomet Valley was eroded to its iina«imiin> depth in pre-Kuisan 
probably pre-Nebraskan time. He points out that the strath in central Tllinnii^ 
occupies a posi^on similar to the Parker in Ohio. He suggests that perhaps the 
pre-Kansan entrenchment did not reach headward as far as Ohio. 


PONDING OF THE TBAYS RIVER 

Prom Franklin Furnace, in Scioto County, to Chillicothe, in RosS County, 
Ohio, parts of the old Tea)^ Valley show good exposures of silts; sandy silts n»»af 
bedrock and very finely laminated Minford silts at the higher levels. The materials 
that may be present in the deposits are coarse matter, fine-grained sand, siliceous 
and ferruginous silts, very fine-grained laminated silts and heterogeneous outwash 
from side streams. A study of the deposits in the Tea 3 rs Valley and its tributaries 
indicates that some material must have come from the metamorphic g nH igneous 
rocks as far east as the Piedmont Plateau. These deposits a& occur in the 
abandoned valley of the Teays from Scary to Huntington, West Virginia.** It is 
believed** that the advance of the Kansan or pre-Kansan ice-sheet to central Ohio 
blocked the westward course of the Teays River and other streams flowing north¬ 
ward, causing them to seek n^ outlets south of the edge of the ice. The drainage 
was considerably modified and long, marginal finger lakes were formed in which 
were deposited the slack-water Minford silts. They were deposited in rather deep 
quiet waters which were ponded to lake-lUse conditions throughout the valle 3 rs. 
The ponded water must have existed for a long time, sufficient for at least 80 feet 
, of silt and sand to accumulate. This silt filled the valleys to a level not far from 
900 feet. The ponded area was of great size and although its southern and south¬ 
western boundaries at the time of its maximum depth are not d^, it probably 
extended as far west as the Licking Valley q£ Kentucky, as far east as the present 
Kanawha River in West Virginia, as far nc^ as Northern Ross and Athens counties, 
and 40 to SO miles south of the present Ohio River. In Kentucky, a number of 
glacial boulders of large size and Canadian origin have been discovered by geologists 
above an altitude of 000 feet, and more than 50 miles south of tke known glacial 
boundiuy. One glacial boulder, estimated to weigh about 16 tons** lies at an 
elevation of 1009.3 feet. Because this altitude is well above the 900-foot level, 
which is believed to be the approximate elevation of the ponded water, geologists 
have been puzzled as to how this huge erratic could have been laid down at its 
present level, even though it was raft^ by an iceberg. It might be assumed that 
the level of the water may have fluctuated in elevation, and under certain con¬ 
ditions an iceberg or mass of floating ice may have reached that altitude. All 
the silt deposits are at, or below, a level of 860 feet. The waters whi^ fed the 
ponded area was drainage from the plateau and melt-water from the Kanimn or 
V pre-Kansan ice-sheet, located to the north. Such a marginal lake must have been 
sul^t to fluctuations in water level, because of the floods due to heavy rainfall 
and melting snows on the plateau, as well as rapid melting of the ice-sheet. The 
gfeat accumulation 'of sladc-water deposits, to a level of 860 feet, buried the old 
pieglacial valleys and underlying topography. When the lake was drained, many 
ai w streams did not return to their former courses. New outlets were opened 
to the Ohio River. These streams followed old drainege lines where they still 


*'Stoat, Wilber, end Schuf, Downs; BoUctia Oeologioel Society of America, Vol. 42, 
pp. WMM, 1081. 

»•/*».. «sP.78. 

**JiUMn, W. R., The Early Pleistocene Gladatum in Nortbeasteni Kentucky. Bulletin 
Oeoklgieal Society of America, 00,1981. 



306 


KAKL VEK STEBG 


Vol. XLVI 


existed, and cut new channels at many places. The ponding of the valleys in front 
of the Kansan or pre-Kansan ice-sheet caused considerable disarrangement of the 
preglacial drainage lines. Through obliteration of the lower courses of the Teays 
streams by glacial action and through flooding of the remaining parts of the courses, 
new drainage lines were established by the ponded waters seeking new outlets to 
the sea. These new streams are known as the E^p Stage drainage of post-Kansan 
or post pre-Kansan age. They cut youthful "valleys below the Teays drainage 
level. 

The major events in the drainage changes as put forth in part by Tight** and 
later, with modifications by Stout, Ver Steeg, and Lamb,** are as follows: The first 
event was the advent of the Kansan or pre-Kansan ice-sheet, which blocked the 
streams which flowed in a northwesterly and northward direction. This resulted 
in the formation of a laige stretch of ponded water in the valleys of the Teays River 
and its tributaries, in Ohio and West Virginia, and the Lic^ng River system in 
Kentucky. Thick accumulations of slack-water silts were deposited in this lake¬ 
like body of water. This resulted in the development of new outlets, modification 
and reversal of drainage. Later events include the advances of the Illinoian and 
Wisconsin ice-sheets and the modification of the silts, sands and cla 3 rs. In pre- 
Illinoian time, during the interglacial epoch, known as the Deep Stage, the Ohio 
River and its tributaries cut their valleys to greater depth. Subsequently, inter¬ 
glacial and present day streams produced terraces by erosion of the slack-water 
filling in the valleys. 

THE TEAYS VALLEY AS AN AVENUE FOR PLANT MIGRATION 

Transeau*’ points out that the ponding in southern Ohio would have a profound 
effect on the vegetation of the area covered by the silts. The submerged vegeta¬ 
tion would be destroyed and there was a complete change in the soils, to which 
plants that survived on islands and |»mnsulas may have subsequently migrated. 
When the streams flowed northward, in preglacial time, the soils of the submerged 
area were derived from the sandstones and shales of the plateau. When the 
ponding took place, the streams from the glaciers carried calcium and magnesium 
carbonates from the limestone area of central and northern Ohio. It was not until 
the silts were removed by erosion, that many of the plant habitats were removed 
and developed their present characteristics. Transeau believed that there are 
many localities in southern Ohio where, for example, the rhododendron might be 
expected to grow but in which it is absent. AccoMing to Wolfe,** southern plants 
reached Ohio along the hilltops and ridges of the Ctunberland Plateau, across the 
route of the present Ohio River, and by way of the flood plains and adjacent bluffs 
of the preglacial Teays River system, the headwaters of which reached far to the 
southeast into western North Carolina. It is believed that the Teays and other 
rivers with headwaters in the Appalachians have been effective agencies of migra¬ 
tion and it is probable that many southeastern species of plants were living in the 
plateau section of Ohio before the advent of the ice in Pleistocene time. Wolfe** 
points out that a large number of isolated Appalachian and southern species of 
plants are known in the southern Ohio area. Their arrival, isolation in well- 
defined areas, and their persistence, are doubtless associated with the succession 
of events in the physiographic history of the r^on. 


1 . 

6, pp. 61-106. 

'’Tranaesa, Edgar Allen, Prehiatoric Peotora la the Developmeot of the Vefetation of 
Ohio. Ohio Joutw of Science, Vol. XLI, No. 8, May, IMl, pp. 907-811. 

"Wolfe, John N., Speciea laolation and a Preglaoial Lake in Southern CMik>. Ohio Journal 
of Science, Vol. XLII, No. 1, Jan. 1948, pp. 2-12. 
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ORIGIN OF THE TEAYS (KANAWHA^NEW) RIVER 

The upper section of the Kanawha is known as the New River and its head¬ 
waters may be said to be almost on the Atlantic slope, for they lie on the south¬ 
eastern side of the Blue Ridge Mountains in North Carolina. Tight" mentions 
the Kanawha River as being antecedent to the Appalachian uplift. The slope of 
the ridges and hilltops in the Appalachian province, toward the Kanawha-New 
River, indicates that the Schooley and Harrisburg surfaces had a marked inclination 
toward the trunk stream and its major tributaries. The broad sags on the ridge 
crests throughout the Appalachians, below which the major streams have cut their 
gaps, represent the old valle 5 rs on the Schooley surface. It is evident that the 
courses of the major streams in the Appalachians, including the Kanawha-New, 
were established during or before the Schooley cycle. It appears to be impossible 
for the streams in the folded Appalachians to have been superposed on the Schooley 
penoplane, a surface of considerable relief,*^ The Delaware, Susquehanna, Schuyl¬ 
kill, Lehigh and Potomac rivers cross hardrock ridges in their course eastward to 
the Atlantic. One of the theories for the origin of the courses of these streams 
has been explained by regional superposition on an extended coastal plain coveri*^ 
over a peneplane earher than the Schooley. 

The Kanawha-New River, a major stream, crosses the entire folded Appa¬ 
lachian belt. Its course is one of the most remarkable in the Appalachian region. 
In all the discussions concerning superposition m the Appalachians, little has been 
written as to the origin of the Kanawha-New drainage across the ridges. For one 
to explain the courses of the major eastward-flowing rivers in the Appalachians as 
inherited from a superposed cover, and attempt to use another explanation for the 
Kanawha-New drainage, violates all principles of logical reasoning. One must 
be consistent and admit that if the eastward-flowing streams in the folded Appa¬ 
lachians were superposed, the Kanawha-New River, in the same general area, doubt¬ 
less had the same physiographic history, Johnson" suggests that southeast-flowing 
master streams of the Appalachian slope, inhmted their courses from a coastal 
plain cover which reposed upon a peneplaned surface of pre-Schooley age and 
which formerly extended, in some places at least, from 125 to 200 miles northwest 
of the present innermargin of the coastal plain deposits. 

The depth and width of the buried Teays valley in Illinois, Indiana and Ohio 
appear to indicate a large and old stream. Its lower course must date back far 
into pre-Tertiary time. Since the Teays (Kanawha-New) River is entrenched 
below the Schooley and Harrisburg surfaces in the folded Appalachians and 
Appalachians and Allegheny Plateau, one would assume that an enormous amount 
of erosion had taken place since its original course was established. The broad 
sags on the ridge crests below which the stream has cut its gaps, would appear to 
indicate that the Teays (Kanawha-New) River existed in the Schooley cycle and 
perhaps earlier. Wright" calls attention to the fact that it is difficult to explain 
' the westward course of the Tea5rs (Kanawha-New) River on the Piedmont Plateau, 
' beveled by the Harrisburg peneplane, which apparently sloped eastward. There 
are many unsolved problems concerning the origin of the drainage in the Appalachian 
region and any general consideration of 8tt<^ drainage problems should include 
the history of the Tfeays River, one of the largest and longest streams in the Appa¬ 
lachians. The course of the Tennessee across the Appalachian ridges and Cumber¬ 
land Plateau also merits the same consideration. Undoubtedly, the history of all 
the streams in the folded Appalachians is closely related to the same general causes. 


«Vcr Stee^Karl, Annals New Yoric Academy of Science, Vol. XXXU, pp, 87-230. 
^*Johnson,1C>otiglas, Stream Sculpture on the Atlantic Slope. Col. Univ. Frees. 
"W..42,p.l83. , , 

^filT^ht, Frank, Commumcation. 
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The area where most of our observations on the abundance of birds have been 
made includes Toledo, Bowling Green, and Sandusky, Ohio, extending 25 or 30 
miles from each of these cities.' In many of the species mentioned here we have 
evidence that similar changes have taken place over a much wider area, including 
northern Illinois, southern Michigan, and the western parts of New York and 
Pennsylvania. 


EFFECT OF MODERATING CLIMATE 

Temperature records in the northern states show that the average in recent 
years h^ been h^her than the long time average; in other words, the climate 
has been moderating. How long this will continue we do not know. 

At Chicago the normal or long-time average is 48.4°. In the last 18 years the 
annual temperature has been lower than this only once, and in the 61 3 rears following 
1893 only 8 times, but in the 33 years, 1845-1877, the armual temperature was 
below 48.4° twenty-two times. 

At Cleveland the normal is 49.6°. Only four of the 27 years since 1917 have 
had a lower annual temperature. 

In Ohio, taken as a whole, annual temperatures were below normal only seven 
times in the 25 years following 1917. In Indiana they were below the normal of 
62.7° nine times in the 26 years, 1919-1944. “At Indianapolis February tem¬ 
peratures, 1916-1935, averaged 4° warmer than those for 1896-1915. Between 
February 19, 1936, and January 2, 1940, reliable thermometers did not reach zero 
at all; this was the first such long period without any zero weather in that city 
since the U. S. Weather Bureau was established." (S. S. Visher, Climate <h 
I ndiana, 1944, p. 358.) 

Glaciers afford a means of knowing climatic trends for much more than one 
century. A period of years with more than average snowfall, and temperatures 
below normal, causes the ice to accumulate and move down the valley faster than 
it melts away, so that the ice front extends farther down than previously. When 
the wither becomes wanner and less snow falls the ice front retreats. 

During most of the time for more than half a century glacial fronts have been 
retreating in all parts of the world where glaciers haye been studied. On the 
North American Continent they are found omy in the western part and little study 
of their motion was made imtil the latter part of the nineteenth century. Jolm 
Muir wrote, “All glaciers that have come under my observation in southeastern 
Alaska have retreated and shallowed since first 1 became acquainted with them 
in 1879 and 1880." 

In western Canada, Montana, and the Pacific states as frr south as southern 
California, very few of the glaciers show evidence of advances in recent decades. 
Nearly all of those whose fronts have been surveyed 4>ow retreat and the rate of 
retreat has recently shown a marked acceleration. 

In the United States “the annual losses of ioe have been much greater during 
the 1920’s and 1930*8 than during the decades immediately preoediitf. Three 
small glaciers in Oregon and several in California have entimy melteid away in 
the past 25 years and those in Glacier National Park and in Montana are wasting 

806 
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away at a rate which, if continued, will result in their total extinction within the 
next few decades." (Francois E. Matthes, Hydrology, 1942, pp. 196 and 190.) 

Since the Wisconsin ice sheet started its retreat from its southern limit south 
of Dayton, Ohio, something like forty or fifty thousand years ago, there have been 
periocU when both the continental glaciers and the mountiun glaciers readvanced 
and covered again parts of the land which had b^ freed from its burden of ice. 

Studies by botanists of the pollen in peat bogs in Ohio, Indiana, Sweden, and 
other parts of North America and Europe have confirmed and supplemented con¬ 
clusions based on the study of glaciers. Fir, qmice, and many species of pine 
can stand more cold than Mckory, oak, and maple. Microscopic examination of 
the pollen in successive layers oi the vegetable matter in these bogs makes it 
possible to infer what changes of climate have taken place. 

For thousands of years after the continental ice sheet had disappeared from 
the northern states the climate was milder than it is now. About 2000 B. C. 
conifers began to crowd back southward the deciduous trees which had long thrived 
in the mild climate. This cool period continued, with numerous brief inter¬ 
ruptions, imtil about 1000 A. D. l^en it became still colder; glaciers in Switzerland 
overran villages and land where forests had been growing for centuries. When 
our ancestors first landed in New England and New York they encountered a more 
rigorous climate than had prevailed there in previous centtiries. In the 1850*s 
it became much warmer and there was a rapid retreat of glaciers. Since then it 
has been cooler for a few years at a time, but not so cool as in the seventeenth 
and eighteenth centuries. During most of the past quarter century the weather 
has been rather mild. 

Records of temperatures have been kept at a few places in the eastern part 
of the United States since early in the nineteenth century. Those at The Marine 
Hospital, Ft. Columbus, New York City, cover the period 1822-1874. In the 
first eight years of this record the average temperature was higher than in any 
decade that followed. The U. S. Weather Bureau records at New York started 
in 1871. They show that in that city aimual temp^tures continued below normal 
in most of the years to 1897. After that a majority of them were above normal. 
Likewise, in the North Central States relatively cool weather prevailed until 
sometime in the 1890’s. 

At New York City the warmest of all the decades was 1990-1939, with an 
average of 53.7°. In 1830-1839 the average was 2.9° lower, that is 50.8°. This 
oonespcmds fairly well with the rate of change at Cleveland where the average, 
51.38 , tor the period 1931-1942 was 2.18° higher than the aven^ of 49.26° in 
1850-1870. In both of these xecords I have made due allbwance for the difference 
in location of thermometers. The recm’d of Gustavus A. Hyde at Cleveland 
extends from 1850-1900, and so overlaps that of the Weather Bureau for many 
years, giving a good basis for comparison. His instruments were furnished by the 
Smithsonian Institution. 

' The range in annual temperatures is much larger than that of decades—seven 
or eight d^irees at places with long records. 

^ai^s of climate such as these might have little effect on the bird population 
in a region where nearly all of the winters are mild, but the area whose bird popula¬ 
tion we are considering lies mainly between the 40th and 43rd parallels. Through¬ 
out the greater part cn it the mean temperature from mid-November to mid-March 
is not very far frmn 82°. In those winters when it is three or fovir degrees lower 
than 32° snow may be ejected to cover the ground during a much larger part of 
the time than in those winters when it is a few degrees above 32°. 

We have records of the amount of snowfall at many places since early in this 
century or the latter part of the nineteenth century. 

Of the twentjNHx years since 1918, nineteen have had less snow than the long 
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time average in Ohio and twenty had less in Indiana. In nine of the seventeen 
that were below average at Tolrao the amount of snow ranged from 12.2 inches 
to 21.1 inches; the average, 1885-1942, was 30.4 inches. 

In the winters, 1885-1886 to 1917-1918, snowfall was above averajge at Toledo 
22 times, that is, in two-thirds of the whole number. In each of eight of these 
winters more than 40 inches of snow feU. In the winter of 1895-18M there was 
five times as much as in the winter of 1918-1919. 

In some periods of a decade or two most of the years have had average monthly 
temperatures in the two coldest months several degrees below 29“; in ot^er periods 
of similar length a majority have had averages a few degrees above 29“. Such 
differences affect our fuel bills to the extent of 25% or so. 

The fuel on which a bird depends is the food it eats. When the food is cold, 
some calories are lost in warming it. A few degrees would not amount to very 
much were it not for the latent heat in unfrozen food and the lack of it in that 
which must be thawed out inside of the bird. A large part of the food of birds 
^Ids less than 700 calories per kilogram. If the food is frozen, about 80 calories 
is consumed in thawing it out. A coating of frost or ice may still further reduce 
its value. If the bird must find and dig out the food from under the snow, its 
troubles are greatly increased. 

NORTHERN BIR0S WHICH FORMERLY WERE OFTEN SEEN IN 
OHIO IN WINTER 

Dr. Carl Tuttle, a former member of A. O. U., has lived in Berlin Heights, 
Erie County, Ohio, for more than eighty years. He writes, “I distinctly remember 
when I was 15 years old or so of seeing every winter flodn of Snowflakes. In the 
last 25 )rear81 have not seen any.” 

At Three Rivers, St. Joseph County, Michigan, Oscar M. Bryens kept a record 
of the number of birds of each species he saw in the winters, 1925-26, 1926-27, 
and 1945-46. He was away in the intervening winters. He saw Snow Buntings 
in each of the first two winters, including 97 birds, March 3,1926, but none in the 
recent winter. 

Elsewhere in the latitude of Toledo these birds, as well as Lapland Longspturs, 
Northern Shrikes, and Northern Homed Larks were formerly seen by many bird 
students in winter, but in a majority of recent y^rs they have been relativdy 
scarce. However, the largest number of Snow Buntinn ever seen in one. day 
in the Toledo area was January 31, 1943, when Mr. and Mrs. Fred Steams saw 
about 5,600 at Bono. 

The Common Redpoll has been rare in Ohio for more than half a century. In 
Dr. Wheaton’s time it was a tolerably regular winter resident in northern Ohio. 
Ljmds Jones, who came to Oberlin in 1890, says, "Previous to my residence in 
Ohio this species was reported as being common in the region of OberUn nearly 
every winter." The numbers of Redpolls observed in the last ten years seems 
to have been even less than before'. In the recent winter Mr. Br^s saw none in 
St. Joseph County, Michigan, where he saw them on 32 days in the winter of 
1925-26, 78 birds March 17, 1926. 

SOUTHERN BIRDS WHOSE RANGE HAS BEEN EXTENDED NORTHWARD 

"In Finland the warmer dimate of the past fifty years has caused the influx 
of birds from the south.” (Margaret Nice.) In this country the northward exten¬ 
sion of habitat has undoubtedly been favored by the milder climate, especially 
in the case of those birds that winter near the northem limit of their range. A 
factor that may have been more potent in briogii^ about the change is the food 
supply provided by man purposely or otherwise. 
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In western New York Cardinals are still uncommon but increasing. There 
has been a notable increase all the way from Pennsylvania to Illinois. Only two 
of the many persons consulted have reported their numbers unchanged. In the 
Christmas bird census at Cleveland, 103 Cardinals were counted in 1040 and farther 
south at Buckeye Lake, Ohio, 309 were counted in 1943. Most of the time in 
winter 25 or more live within 100 yards of the home of Seymour Holloway near 
Swan Creek, southwest of Toledo. In 1885, when I went to Grand Rapids, 
Michigan, to teach zoology and other subjects in the high school, the only Cardinal 
which the naturalists of the Kent Scientific Institute knew abwt had been seen 
not long before in the yard of Dudley Waters. At the present time hundreds of 
Cardin^s are living in and near that city. Milton Trautman writes, ‘'In 1925 
I found Cardinals north of Grayling, Michigan, but after the 1936 winter they 
seemed to have been frozen back at least 100 miles to the south.” 

Between 1860 and 1900 most of the families in Columbus, Ohio, are said to 
have had a caged Cardinal. John Prey, who then made a business of trapping 
Cardinals, told Mr. Trautman that trappers had extirpated these birds in a 50-mite 
radius about Columbus and he had to go into Adams County, Ohio, and to Ken¬ 
tucky to trap his Cardinals. Probably something similar occurred around other 
cities in about that latitude. After trapping ceased, the wild birds rapidly 
increased. 

The cutting of the forest followed by cultivation of the land made it possible 
for many more Cardinals to find food. Before that, buckwheat, com, sunflower, 
and many kinds of weed seeds were not available in great quantities. 

When a lar^ number of people became interested in providing food for 
Cardinals, the Urds were quick to respond and most of the other species which 
were attracted to feeding shelves were unable to displace them 

Wild Mockingbirds were seen throughout the year in northern Ohio and even 
in southern Michigan for 3 rears before the begiiming of the present century. They 
are still scarce so far north, but have become fairly numerous in recent years in the 
vicinity of Indianapolis and Columbus, and hav^ extended their range northward 
in Penn^lvania and New Ei^land. ■ 

Dr. J. P. Kirtland, in his catalogue of the Birds of Ohio, published in the 
Geological Survey, in 1838, does not indude any kind of Wren; there may have 
been none before there were buildings in Ohio. The house wren was first noticed 
in Dekalb County in northeastern Indiana in 1883, and until about that time there 
were areas in Ohio and Michigan where they were rarely, if ever, seen. Now 
many mdos their home in the woods as well as where man has provided shelter. 
In the Southern States the Bewick Wren emd Carolina Wren have long made their 
homes near buildings. The northward extension of the range of the former started 
as early as the 1870's and the latter as early as the 1880’s. Since the extremely 
cold periods in the winter of 1936, the Carolina Wren has been scarcer than before. 
They are seen occasionally as far north as Grand Rapids, Michigan. Bewick’s 
Wren has made a steady increase at Lancaster, Ohio, in the last four years. (Charles 
Goslin.) It has also increased near Cleveland. (J. P. Visscher.) 

In recent years the Hooded Warbler and the ftothonot^ Warbler have been 
nesting in the North. At many places in southern Indiana the Prothonotary 
Warbler was first ncsAiced in the 1^’s. 

The Tufted 'Titmouse has long been common in a considerable part of Ohio 
and Indiana. In recent years the ntunber in the northern parts of Ohio and 
Illinois has become very great, and they have extended their range northward in 
Michigan and New York State. In woocte near Toledo the loud call of the Tit¬ 
mouse is likely to be heard oftener than that of any other bird except the Blue Jay. 

Wood Thnishes in the past twenty years have been more numerous than 
formerly in the northern part of their range. 

Romns and Blue Birds are now less rare in the North in winter than they used 
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to be, and the former have been tmusually numerous from mid-March until late in 
October. 

Little Blue Herons are quite irregular in their visits to northern Ohio. Some 
have been seen in late summer in a majority of the years since 1923. In August, 
1930, nearly a hundred were observed. Very few have been seen in mature 
pluihage. 

Ai^dcan Egrets have been seen in the North more frequently than Little Blue 
Herons. Since about 1925, they have been observed in Pennsylvania and northern 
Ohio. For some thirty 3 rears brfore that they wwe on the verge of extermination, 
because women paid high prices to get their conamental phimes. Karl Bartel 
reports 100% increase in the Chicago area. Bernard Baker saw American Egrets 
near Grand Rwids, Michigan, in 1939, 1940, and 1941, and at Grand Traverse 
Bay in 1940. Some have been seen at Rochester, New York, since 1933. Since 
1941 relatively few have been seen along streams in northern Ohio, accepting near 
Lake Erie. Harold Mayfield and Louis Campbell saw 80 Egrets September 3, 
1944, at RenO Beach, east of Toledo, and 104 August 22, 1945, in the Erie Marsh 
in Michigan, north of Toledo. 

Like the preceding, the Snowy Egrets were too beautiful to be allowed to live, 
and were sacrificed on the altar of Dame Pa^on. They have long been among 
the rarest of Ohio birds. Although a few nested in southern Indiana half a century 
ago, we have no evidence that they were ever numerous ncath of the Ohio River. 
There was some increase in their numbers in tiie Toledo area, 1934-1939. (Louis 
W. Campbell.) In these years the summers were untunially hot. 

“In 1879 there were but five known records oi the Bam Owl in Ohio and none 
in Indiana.” (Amos W. Butler, The Birds of Indiana, p. 800.) Early in the 
present century it was no longer rare in southern Ohio and there were also many 
living permanently in north^ Ohio. For <^te a number of years past Bam 
Owls liAve been among the most numerous of toe larger birds of prey in this region, 
and perhaps the most useful, considering their numbers, of all our many useful 
birds. A glance at the feet of these biim will show why they are not fond of 
winter weather much farther north than Ohio. They remind us of the scantily- 
‘haired opossum, which had been increasii^ in the North for many years prior 
to the hard winter of 1944-45. So many perished then that sever^, perhaps 
many, years will be needed to restore their numbers. Pot a Icmg time quite a 
numter of Bam Owls have had their homes inside of large trees on one farm 
traversed by Swan Creek southwest of Toledo. ApparenUy they all survived the 
winter of 1944-45. Their wings enabled them to fly quickly to good places to 
find food and return without long exposure to the cold. 

In addition to the southern birds mentioned above, all of which are «ttractive 
or easily identified, there are other species whidi are known or believed to have 
extended their nmge northward, for exampfe, Bachman’s sparrow and Carolina 
Chickadee, A list of birds from the Southwestern and Western States which 
have established hotnes in some of the North Central States will be found under 
the heading, Bird Life Affected by the Activities of Man. 

For many years Mourning Doves have been ccxnmon over a wide area. Since 
early in the present century when they were considered a game bird, their numbers 
have steadily increased. The extension of wheat acreage in the Northwest has 
made them one of the most common birds there. The number now in the whole 
country may exceed that of any native land bird of larger tiaae exceirt the crow, 
but probably is less than the number of Passenger Pige<^ in die middle of the 
last century. They subsist largely on weed seeds and scattered grain, doing very 
little harm to crops. 

One reason im the increase of Mourning Doves in recent years is the .feet 
that those which went south to spoid the winter were able to return in spring, 
because people there were too busy with more important matters to use ^etr 
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shells in footing birds. Moreover, they have escaped the hazards that hove 
decimated those species that habitually nest on the ground, and their nesting 
season covers several months, some of which are likely to be favorable for rearing 
their young. Combines, which are now in general use in many states, scattw a 
large amount of grain. This has increased the food supply fOT Doves. 

Milder winters and more food have induced large numbers of these turds to 
stay farther north than formerly. Hundreds of them remain through the winter 
in the Toledo area. In the 19^ Christmas census 155 were enumerated there. 
In central Ohio the number has been larger than this at more than one place and in 
more than one census. In Michigan they are ofl^ seen in winter as far north 
as Lansing. 

EFFECTS OF WET AND DRY PERIODS 

In the entire record of precipitation since the Weather Bureau started in 1871 
there were no other three consecutive years in which so much rain fell in northern 
Ohio each spring as in 1943, 1944, and 1945. At Cincinnati rain in these three 
"Springs has not been surpassed since the early 1880’s. The ground was unusually 
wet ^so in the nestii^ season of 1942, 1940, and 1937. Ground-nesting birds 
must have foimd it difficult to rear Iheir young in all of those years, especially 
where the land is so fiat as it is around Bowling Green. Hungarian Partridge and 
Bobwhite have become rare in the Bowling Green area; the numbers of Pheasants, 
Meadowlarks, Bobolinks, Grasshopper Sparrows, Vesper, and Song Sparrows 
have been reduced. For some of them it seems probable that tmfavorable nesting 
conditions have been the most potent factor in tumging about the change. Decrease 
in scane of these birds may be due also to the increase of crows and of those birds 
of prey which feed on birds—Sharp-skinned, Coopers, and Marsh Hawks. 

The dry summers that characterized most of the twelve years from 1930 to 1941 
were unfavorable for many kinds of birds. July, 1936, wa§ hot as well as dry. At 
that time I spent a few hours on West Sister Island in Lake Erie, where there were 
thousands of nests of the Black-crowned Night Herons. On the g’ound under the 
nests there were hundreds of the }roung birds dead or dying, lliese herons do 
not maintain a colony in one place so long as do the Great Blue Herons. For two 
or three decades past they have been much more numerous in northern Ohio 
than they were earlier in the century. The reason is probably better protection 
for herons in general. In a colony north of Bay City, Michigan, in 1941, Walter 
P. Nickell estimated there were 300 breeding pairs. 

Dry summers are unfavorable for Woodcock, Snipe, Water-thrushes, and 
Short-billed Marsh Wrens; their numbers have been much reduced. Other bir& 
were affected W the poor crops. In some of these summers the yield of grain, 
weed seeds, and berries was much less than usual. 

VAGARIES OF THE WEATHER 

Some meteorological phenomena not impljring any change of climate occa- 
isionolly cause the destruction of large numbers of birds. On dark stormy nights 
at time of n^ation many thousands have perished by ffiring against light houses 
or beacon lights. Birds whose winter range is in the Gulf and South Atlantic 
States have at times encountered such bad winters there that a majority perished 
and five or more years were needed to restore their former numbers. This is likely 
to occur to birds the Phoebe, which feed on insects they catch while flying. 

Thundo: storms have sometimes killed many birds in summer. In one of the 
little parks at Sandui^, Ohio, more tiian a hundred English Sparrows were found 
dead eariy one morning. They had drowned in pools of water where the ground 
was dry the previous evening. A heavy rain after midnight had probably chilled 
and weakeniM them. Another downpour before sunrise knocked them off their 
perdies. 
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At times sleet storms have proved disastrous over a wide area. Milton 
Trautman’s observations of Carolina Wrens in the vicinity of Budceye Lake, Ohio, 
illustrate this and also a great reduction in their numbers caused by severe winters. 
“During a sleet storm in the winter of 1917-18 a great decrease in numbers occurred 
and for a few years thereafter only a few pairs nested within the 40 square mile 
are4. By late 1923 as many as 30 individuals could be recorded daily; then that 
winter another sleet storm greatly reduced their numbers. Other reductions in 
ntimbers occurred in 1928 and 1930. In late 1935 I recorded 40 to 50 daily, then 
came the severe winter of 1936-36 and after that less than 5 per day could be 
recorded. The n\ambers rose^hgain to 25 per day in 1941. Then the two hard 
winters of 1943-44 and 1944-^6 so reduced their numbers that in December of 
1945 only one bird could be fotmd in the area and it was at a feeding station.” 


EFFECT OF INTRODUCED FOREIGN BIRDS ON OUR NATIVE SPECIES 

In my boyhood days in Branch County, Michigan, in the 1870’s, the familiar 
Chipping Sparrow nested in a bush in our front yard. They were very peaceable. 
The aggressive English Sparrow was unknown to us. Cliff Swallows, long common 
in the west, became abundant in Ohio after bams were built there, affording them 
nesting sites under the eaves and plenty of flies for food. English Sparrows appro¬ 
priated all the good nesting places they could find around the buildings. T^y 
drove these Swallows into oblivionr' They made trouble too for Purple Martins 
and other birds, but greatly augmented the food supply of Screech Owls and 
Sparrow Hawks. In recent years the English Sparrows have become less numerous. 
In the village of Berlin Heights Dr. Tuttle estimates that less than a hundred of 
these unwelcome guests stiU remain. Their decrease may be due partly to the 
scarcity of horses on the roads, but probably two other factors have had more 
effect on their numbers. On many farms strawstacks are no longer seen, because 
the harvesting of small grains is done with combines and the straw, if it is not 
left in the field, is baled. Those straw stacks were very useful to the Sparrows, 
affording them protection from storms and predators, nesting sites, and con¬ 
siderable food. Still more important has been the competition of Starlings with 
Sparrows. This be^an before combines were in common use in Ohio and affected 
both country and city. 

Starlings were observed in Erie and Ottawa Counties, Ohio, by L}md9 Jones in 
1921. They increased year after year, although the niunber in the state now may 
not be greater than it was a few years ago. Their competition with other snuul 
bir(ls for food and nesting sites has reduced the munbers of many species, especially 
those that nest in holes. They are ve^ aggressive birds and seem to delight 
in pel'secuting other kinds, (me Starling, although it is armed with a sharp 
beak, would not make headway against a Sparrow Hawk, a PUcker, or a Red¬ 
headed Woodpecker, but by ganging up in large numbers and attacking ener¬ 
getically and persistently, they succeed in driving all of these birds away from the 
cavities in which they would like to nest. This has been an important factor 
in causing Red-headed Woodpeckers to become scarce where they were formerly 
abundant. Decrease in the number of Sparrow Hawks in some areas may be due 
to the same cause, although they are not always driven away by Starlings. 

In many places Flickers have decreased in numbers. In some places they have 
held their own, or even increased. Their eviction from nesting sites by Starlings 
has frequently been observed, but some have eventually found cavities where they 
succeeded in rearing young. They are very prolific. 

Downy Woodpeckers have held their own fairly well. Suet put out by their 
admirers has helped them. They have also ben^ted, and so have the farmers, 
from their persistence in finding European com borers. While working in his 
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com field, Seymour Holloway has noticed in one day about a dozen of these 
dynamic midgets diligently searching for borers in the stalte. 

In Toledo there has been a notable decrease in Chickadees and Nuthatches in 
recent years. Their numbers have probably been reduced also in other cities 
where Starlings abound. 

Walter P. Nickell of the Cranbrook Institute of Science near Detroit writes 
me, ** Not one pair of Bluebirds has nested in the numerous cavities in our old apple 
trees back of the Museum for at least ten years, while an average of 15 or 20 nests 
of the Starling are found every year. Three hundred miles farther north, in 
Charlevois County, Starlings are much less common, and no competition between 
Starlings and Bluebirds for nest cavities has been observed. Cedar Waxwings are 
also numerous there,” 

The decrease in Cedar Waxwings has been observed over a wide area and has 
probably been caused by their inability to find enough fruit left by the Starlings. 

In the last week of March, 1946, I watched outside my window a Mourning 
Dove as she brought sticks from the yard to build a nest in the crotch of an old 
silver maple. Despite annoyance from both Sparrows and Starlings she was able 
to complete the nest. A few days later I found, on the sidewalk beneath, two 
broken eggs which the Dove had laid. The large splotch and shell fragments from 
one of the eggs were still plain amid the droppings of Starlings a week later, but the 
Dove had not been seen in the tree since the eggs fell. 

Ring-necked Pheasants had become well established in the Bowling Green- 
Toledo area by 1923, after several attempts to introduce them. The number living 
in Wood County in the late 1930's was estimated at 175,522. This means about a 
dozen birds for every family on all of the 4,816 farms in the county, as well a$ 
those living in Bowling Green and a score of smaller towns, villages, and hamlets. 
Most of these birds when thev reach maturity weigh between two and three pounds. 
No one expects them to do this without consuming a large amount of food. Barn¬ 
yard fowls, if not closely confined, obtain considerable food for themselves and in 
doing so d^age various crops. Pheasants hsfre to find nearly all of their food and 
the farmer cannot reasonably expect them to make a living on his land without 
molesting some of the crops he is attempting to grow. 

Even if the Pheasants served no other good purpose, their usefulness in protect¬ 
ing crops from the ravages of insects and mice would offset what damage they do 
to sprouting grain and to unharvested grain. In dry seasons when water is hard 
to find they are likely to pick into many tomatoes and probably some melons, but 
melon growers have sometimes accused them of eating melons when they were 
really eating destructive insects. Crows also account for much damage which 
careless ot«»rvers have assumed was done by Pheasants. Water in crocks in 
melon patches is said to lessen the damage done to the fruit by birds. 

R. S. Phillips of the Findlay Bird Club counted 131 squash bugs which he 
found in a single Pheasant. They are known to eat also large numbers of 
cucumber beetles, cutworms, crickets, grasshoppers, and other destructive insects. 

For a few years past the Pheasant population of Ohio has decreased to such an 
extent that after the shooting season of November, 1946, the number of birds in 
Wood County remaining alive and not crippled, was probably less than ten per cent 
of the average eummer population during the 1930's. Naturally this is a matter 
of deep concern to sportsmen and to many farmers. An appraisal of the relative 
importance of the various factors that have brought about this decrease is difficult. 
I ’9^1 give some of them in order of impprtance as I see it, but many persons who 
have had more experience with Pheasants will disagree with me. 

1. The Shooting of Hen Ph3easants Caret-essly or Otherwise. Near 
Toledo a great many Pheasants have been killed out of season by poachers shooting 
frewn parl^ cats. In the excitement engendered by the great numbers of hunters 
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in the first few days of the open season some who are usually law-abiding have killed 
or crippled hen Pheasants. 

In Wood County in the late 1930's it was found that about forty hen Pheasants 
were shot for every one hundred cocks bagged. In the past two years the per¬ 
centage of Pheasants illegally killed has prol^bly been stul larger. 

2. The Alfalfa Mill. These mills take care of a large amount of hay in a 
short time, using it before it is tall enough to afford gora protection for the 
Pheasants. Much of the mowing is done with high-powered nuudiinery, operating 
at night as well as through the di^. At night many Pheasants are kOl^. Those 
nests that escape instant destruction are usually abandoned and the eggs exposed, 
to be consumed by Crows and four-footed prowlers. 

3. The Clearing of the Banks of Ditches and Natural Streams. For¬ 
merly the saplings, bushes, brush, grass, and weeds were used by Pheasants and 
by many ptber birds for conoealinent and for nesting sites. They also found in 
them a variety of food different from the kinds found in the fields. In order to 
give employment to persons on relief, the wcffk of dealing the stream banks was 
authorised by township trustees or county commissionets, and much of it by the 
C.C.C. and W.P.A. If this work is done before July 10, many nests and young 
birds are destroyed at the time, but whether it is done early in the summer or later, 
3 rear 8 are required to restore a favorable environment for wild life. 

4. Foxes. Never before were there so many red foxes in Ohio or Michigan 
as in the past few yeans. 

Tuscarawas County, 75 miles south of Cleveland, had paid botmties on 300 
foxes less than two weeks after the commissioners had appropriated the money, 
January 1, 1046. Union County, 25 miles northwest Of Columbus, paid bounties 
on 92 foxes, November, 1945, to January, 1946. Wyandot County, dxty miles 
north at Coliunbus, paid bounties on 43 foxes, November, 1945, to April 7, 1946. 
In each case the bounty was three dollars. 

In the fiat country south of Toledo, wh»e nearly all of the land is cultivated, 
foxes have increased but are not so numerous as in rugged parts of the state. 

6. Cats. In many of the Pheasant areas cats are believed to kill more of the 
young birds than are l^led by any other predator. This is most noticeable near 
towns. Feral cats, which find their living entirely in the wild, are mine numerous 
than most people realize. One fanner of my acquaintance killed fifteen feral cats 
in the winter, 1945-46, about half of them on his own land in Lucas County. 

On the Stitt Game Preserve in Wood County, sixty of these pests were killed 
in one Winter. Most of these feral cats were probably bom in Tdedo and smaller 
towns. Their owners, having too many, todt them miles away to shift for 
themselves. 

6. Hawks. Most kinds of hawks are not restricted to a diet of mammals, 
fish, or any one class of animals, but take what is easiest to get. Cooper’s and 
Sharp-skinned Hawks are now numerous in areas where Pheasants abound. Near 
Lake Erie, Marsh Hawks are most ntunerous and probably take some yotmg 
Pheasants, although as a rule birds form only a small p^ of tl^ diet. Red-tailed 
Hawks have increased and are now so numerous in scone counties that they are the 
worst offenders. In Wood County they are believed to kill more l%easant8 than 
are taken altogether by other species of Hawks. In winter Rough4egged I^wks 
and Goshawks are uncommon or rare in Ohio, but both Of these winter visitors 
have increased in recent years. 

7. Crows. One farmer southwest of Toledo reports finding the diells of 
Pheasant eggs that had been eaten by Crows—enough eggs to fill a 3-gaikm pail. 

“ During the period 1912-20 pest hunts were almost unknown in Wood County. 
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After that» thousands of crows were killed at their roosting i^aces and the great 
rookery on the western edge of Bowling Green was broken up. Pheasants had a 
chance to hatch their eggs, and almost unbelievable increases were noted in the 
Pheasant counts."—(James Stitt.) 

8. Bad Weather, In some years spring freshets have drowned out many 
nests of ground-nesting birds. The unusual succession of very wet springs mu^ 
have frustrated the attempts of many Pheasants to rear their young, especially 
where the land was poorly drained. In the very diy summer months, with Uttte 
dew and the vegetation withered, probably many suffered from ladk of water. 

The long cold winter of 1944-45, with the ground snow-covered most of the 
time, was hard on Pheasants. Many that wo^d have perished were saved by 
man's aid. About 400 of the birds found their food in the standing com on one 
farm near Monclova. A farmer near Whitehouse had an even larger number 
feeding during the winter in his field. Illness had kept him from hvvesting the 
com. He was partly reimbursed by sportsmen's clubs. 

9. Other Egg Eaters. Bird eggs appeal to the appetite of a great variety 
of mammals, birds, and reptiles. For many species no other kind of food is more 
attractive. Pheasants protect their nests from small intruders, yet the number of 
Pheasant eggs devoured in the past twenty years in Wood County probably 
exceeds the number of hen eggs consumed by all the people of any one town in the 
county, except one or two of the laigest. 

One of the worst offenders is the opossum. Favored by mild weather for 
many years prior to the cold winter, 1944-46, these odd creatures had been 
increasing in Northern Ohio and Southern Michigan. In their nocturnal wander^ 
ings they find many Pheasant nests. Skunks also are notorious egg eaters; their 
destmction of Pheasant nests has been noticed in many places. However, their 
number in the Toledo area in the past few years has b^n less than formerly. 
Farmers have attributed this to the multitu|ie of oppossums; they are believed 
to devour skunks in their burrows when they are hibernating. Because nearly 
all the opossums perished in the winter of 1944 45, the young skunks bora later 
came through the following winter unmolested. At any rate skunks have recently 
been observed in unusual numbers. 

Raccoons were quite numerous in 1945. Unlike opossums, they are well 
protected by fur coats and can hibernate for long periods of time in hollow trees, 
where they are safe from storms and traps. Opossums are southern animals and 
seem to be incapable of going long without food. Raccoons are passionately fond 
of eggs; they fotmd many Pheasant nests in 1945. 

Rats, the most destructive of all mammals, probably destroy many Pheasant 
nests. Stray dogs also are known to find and eat the eggs. 

10. Owls. In the nesting season of 1946 Laurel VanCamp of Genoa, south¬ 
east of Toledo, found fifteen nests of Great Homed Owls. In many places Barred 

; Owls am more numerous, but they probably do not kill so many Kieasants, A 
Snowy Owl was shot near Bowling Green, November 29, 1946, when it was carrying 
a Pheasant. Few, if any, are kSled by Owls of other species. 

U. Aim>]40BILES. These have maimed and killed numerous Pheasants and 
caused the death of others by aiding those unscrupulous persons who indulge in 
illegal shooting. ‘*On one Sunday in 1941 Icounted 70 dead Pheasants and rabbits 
between Fi^ay and Bowling Green; fully half of them were Pheasants."—(James 
Stitt). 

PHEASANTS AND NATIVE BIRDS 

Where there are not more than twenty Pheasants per square mile they may 
have little ^ect on the numbers of the other species present, but in Wood County 
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there have often been two or three hundred for each square mile of farm land. 
They have caused a lar^ increase in the number of Hawks, Owls, and Crows, and 
a decrease in those sj^cies which naturally eat the same sort of food. 

In Wood County in 1945 James Stitt, who for many years has spent most of his 
time in producing and maintaining the large Pheasant population, received the 
following reports of birds of prey, mostly from men in the feeding stations: Hawks 
diot, 671; trapped, 33; Owls shot, 19; trapped, 41. The whole number killed in 
1945 within thirty miles of Bowling Green probably exceeded three thousand, 
including those killed by poultry raisers. 

Pheasants have been seen eating the eggs of Bobwhites and Meadowlarks, 
altiiough they may not search for them, nor End enough to change materially the 
number of succes^l nestings. Birds whose decrease is probably due in part to 
the abundance of Pheasants are Meadowlarks, Bobolinks, Grasshopper Sparrows, 
Vesper Sp^ows, and Bobwhites. Even the Sparrow Hawks are less numerous 
where Pheasants are abundant, probably because their food supply is reduced both 
by the Pheasants and by the niunerous large birds of prey that feed on the 
Pheasants. 

For some years past the increase in Che number of predators has been greater 
than the increase in Pheasants. ‘*The proportion (of predation) rises and falls 
progressively with increase or decrease in numbers of the available food organisms.” 
—(W. L. McAtee;. 

The great number of Hawks, Great Homed Owls, Crows, foxes and other 
predators in the past ten ye^ may have been more effective in reducing the 
number of Bobwhites, Hungarian Partridges, Meadowlarks, and other species in 
the areas having a high concentration of Pheasants than the reduced food supply 
caused by their presence. 

The following abridged statements show some of the conclusions of Professor 
Paul L. Errington of Iowa State College relative to competitive relations of Ring¬ 
necked Pheasants and Bobwhites. 

"‘Wintering Bobwhites avoid coverts having many Pheasants, much as they do 
places overpopulated with their own kind. 

“Even very low densities of Pheasants have their competitive significance to 
the Bobwhitc. 

“Pheasants have displayed vastly more tolerance of crowding than have 
the Bobwhites.” 

Both of these valuable birds suffer in cold winters when there is deep snow, 
unless they can get to ample food supplies provided by man. Of the two the 
Bobwhite is less hardy and succumbs more quickly to lack of food. Its chief 
advantage over its com^titors in Ohio is that it is protected from shooting. 
Most of the farmers realize that it is highly beneficial to crops and does little or 
no harm. In large parts of the state where Pheasants have not been numerous, 
the Bobwhites were holding their own prior to the severe winter of 1944--45. 

In Michigan also the shooting of Bobwhite is illegal, and its range has slowly 
extended northward as far as the Strait of Mackinac. 

Crows are not foreign birds, but as trouble makers they are unsurpassed. 
They have not been scarce within our recollection and have shown a marked 
increase in Ohio in recent years, despite the fact that a £^at many have been shot. 
Their damage to crops has been very great, in many places greater than that of 
any other b&ds. They ruin tomato crops by picking into one fruit after another 
as soon as it turns red. They eat sprouting com to such an extent that much 
replanting is necessary to get a fair crop. In some wet seasons tons of ripening 
com have been ruined in a single field bv crows which open the husk and eat the 
kernels near the top of the ear, leaving tne remainder to be spoiled by beetles and 
fungi. They have continued to seiase the eggs and young of various other birds. 
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The increased amount of animal protein available for them has enabled them to 
produce and feed more young crows. They watch ducks when they are at a 
distance from the farm buildings and take their eggs as soon as they are laid. 

One Toledo hunter, loading his own shells, claims to have shot nearly a thousand 
crows in the season of 1944-45. I know a farmer who shot at least 150 in the spring 
of 1945. Some other farmers would have done this if they had had enough 
ammunition. In general the fanners are grateful to anyone who succeeds in killing 
crows. A few years ago, when shells were supplied to crow hunters by the state, 
Max Kempker of Toledo shot between six and eight thousand of these pests 
each year. 


BIRD LIFE AFFECTED BY THE ACTIVITIES OF MAN 

De<rfase ,—Decrease in the numbers of many kinds of birds has been caused by 
man. The cutting down of forests deprived numerous species of their natural' 
habitat. Because of its great fertility, when well drained, the land in the north¬ 
west quarter of Ohio was cleared more thoroughly than other quarters of the state. 
It no longer has Wild Turkeys, Ruffed Grouse, Ravens, Passenger Pigeons, 
Carolina Paroquets, or Pileated Woodpeckers. There are still a few Red-bellied 
Woodpeckers. They are increasing in Eastern Ohio, Western New York, and 
near Chicago, probably because of better protection and milder winters. 

In Wilson’s time there were numerous Ravens, but no Crows, along the south 
shore of Lake Erie. Their extirpation in Ohio made more room for Crows, just as 
the later extinction of Passenger Pigeons gave more room for Mourning Doves 

In the museum at Bowling Green State University we have a well preserved 
Pigeon net, about fifty feet long, whose owner succeeded in catching 292 Pigeons 
at a single throw, thereby beating his father, whose best was an even 24 dozen, or 
288 birds. This was probably about 1870. 

Paroquets may never have been numerous in Ohio. In 1862 a flock of 25 or 
more was seen in the Capitol Square of Columbii.;. A specimen shot near Newark, 
October 9, 1884, was moimted. When I was teaching at Sandusky in the early 
1890's I had a report of a Carolina Paroquet seen six miles south of that city. 

Dr. William Graefe collected and had mounted many interesting specimens of 
birds, which are now preserved in the University Museum at Bowling Green. He 
told me that in 1880 he shot a Prairie Hen near Sandusky. In Ohio these birds 
may have lived only in those few counties which had some prairie, most of them in 
the northwest quarter. 

Probably most of the species mentioned above would have disappeared eventu¬ 
ally as a consequence of cutting the big timber even if they had not been hunted, 
but extirpation of most of them was hastened by man’s desire to eat their flesh. 
Even the Pileated Woodpecker, or ‘Logcock,” was a game bird. About sixty 
years ago I prepared a skin of one I found at a meat market in Grand Rapids, 

^ Michigan. These large Woodpeckers have increased in recent years at some places 
in eastern Ohio and western Pennsylvania, due probably to better protection. 

A century ago there were many Bald Eagles nesting near Lake Erie and 
Saadudey Bay, probably more than a hundred pairs, each using the same nest year 
after year, as loiig as it was safe. Great Horned Owls, Ban^ Owls, Red-tailed 
Hawli^ and Red-Mouldered Hawks were also common at that time. 

Great Blue Herons are still common, but probably less so than long ago. The 
largest heronry in Ohio contained 1,118 nests, May 2, 1935; nearly all of them 
were occupied. This is in Sandusky County nine miles northwest of Fremont. 
In the Waggoner Woods, where the heronry is now* the birds began to build nests 
in 1912 and 1913, because the woods three miles nearer to L^e Erie, which had 
previously harbor^ them, no longer contained enough large trees. We know that 
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the older site had been iised contiimoudy since about 1840. It may have been 
IcHig before that. 

Close to the Michigan line, sizteen miles west and north of Toledo, is another 
old colony of Great Blue Herons, where Reverend Hammond counted 214 nests 
in 1932. Its present location, in woods of John Ford, has been used only about 
sixty years. This colony had previoudy 1^ to change its location more than 
once. In 1871, of the great Chicago fire, it was so dry in October that forest 
fires wrought terrible havoc to both human and avian settlements. Up to that 
time this heron colony had beeft using tall cottonwood trees in heavQy timbered 
swamp land about four miles ncuthwest of the Ford woods. 

The number of herons in these two old colonies has depended largely on the 
activities of man, especially in the matter of shooting, for they were able to defend 
themselves from other pre^tors and had an unfailing food supply in Lake Erie 
and waters connected with it. Other colonies in Ohio have decUned in consequence 
of the destruction of forests, drainage of the land, and the long succession of dry 
summers, 19MM:1. 

Numerous other birds that lived in the forest—^Tanagera, Vireos, Thru^es, 
Ovenbirds, Cerulean Warblers, and others are probably leas numerous now. 

The drainage of swamps has greatly reduced the habitable areas formerly 
available for Sandhill Cranes, Rails, Gallinules, Snipes, and a number of land birds 
which prefer to nest near water—Short-billed Marsh Wrens, Swamp Sparrows, and 
Yellow Warblers. The clearing away of the bushes on stream banks has decreased 
the favorite nesting sites of many spedes. 

Telegraph and other wires have caused noany bird fatalities, especially in the 
migrating seasons. 

Red-headed Woodpeckers and various other birds have been hit by auto¬ 
mobiles. Both game and song birds have been slaughtered by hunters who 
depended on their cars to take them to the homes of the birds. 

The introduction of domestic cats. Sparrows, Starlings and Pheasants has 
added to the troubles of many native species. 

Guns, nets, and traps have exterminated a few kinds of American birds, have 
reduced almost to the vanishing point several others, and materially decreas^ the 
numter of many kinds. 

In recent years many nests of birds that live in the open fields have been 
destroyed by mowing machines and by plows and other implements used in fitting 
the land. Introduction of the* alfalfa mill accounts for the earlier mowing <n 
meadows with resulting destruction of numerous nests. 

Increase .—On the other hand, many kinds of birds have become more numerous 
because the activities of man have provided more food for them. 

In many of the yearn since Bowling Green State Umvonrity started, as a training 
school for teachers, in 1914, Golden Plover have been seen in laige numbers, 
thousands of them in some ^ears. On their way to their nesting grounds in Arctic 
America they tarry on the nch land around Bowling Green when tt is being plowed 
for com. Apparently some flocks remain in one neighborhood for two or three 
weete. Many of the birds acquire the summer plumage while they are here. 
Most of them leave before May 10th. After crossing Uke Brie tb^ probably 
do not make such a long stop again until they come near the Arctic Oo^. On 
their way back to enjoy the mild weather prevailing in the southern bsmisphere 
during our northern winter, a few flocks are usually seen somewhere in the Toledo- 
Bowling Green area. 

Until there were orchards, Cape May Warlders could not have found so many 
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insects diiring their fall migration. Their marked increase m recent years may be 
diie to the fact that farmers have been too busy to spray th^ orcluurds. 

We have previously mentioned southern bir^ which have extended theit range 
northward both because of a milder climate and more food. The increased amount 
of food has helped also many other birds^Killdeer, Upland Plover, Pectoral 
Sandpipers, Tree Sparrows, Juncos, and other birds which had sdways been here 
for at least part of the year. 

Destruction of forests, followed by cultivation of the land, made In diana and 
Ohio attractive to birds which had previously lived only on the prairies or plains, 
A number of plants not found in forests, but common in treeless parts of the West 
and Southwest, migrated eastward and northeastward after the land was deared. 
Some came in bal^ hay, or in bedding for cattle, others as impurities in seed 
shipped eastward for planting. Where empty cars which had carried loads of 
wheat were swept out, unfamiliar weeds sprang up. Many kinds were brought 
by the wind. Various grasses, sunflowers, and other comimites, pigweeds and 
amaranths, and plants of the mustard and legume families which had bran common 
in the west were brought here in one way or another and added to the food supply 
of native birds as weU as of those whose homes had been where the plants came 
from. 

Examples of birds formerly unknown or merely accidental east of the Illinois 
prairies are the Dickcissel, L^k Sparrow, Western Henslow’s Sparrow, Leconte’s 
Sparrow, Nelson’s Sparrow, Western Meadowlark, and Yellow-headed Blackbird. 
Most of these birds are still imcommon as far east as Ohio, but the Western 
Henslow’s Sparrow nests in considerable numbers at some places in Ohio and 
Pennsylvania and has increased also in New York State. Prairie Homed Larks 
have lo^ been common in open places, but until the land was cleared there were 
none within 300 miles of Toledo. Western Meadowlarks have been observed in 
larger numbers, 1938-45, in Michigan, and near Indianapolis and Chicago. 

Man has also augmented the food supply t>f birds purposely. He has left, in 
fence rows and hedges, weeds and shrubs whose seeds or fruit are relished by the 
birds. He has planted sunflowers and numerous other herbs, shrubs, vines, and 
trees to provide food for the birds. 

Man has aided the birds in other ways. Shelters of plant growth on the borders 
of fields, nesting boxes, feeding shelves, drinking and bathing places have added 
to thdr safety and comfort. Putting out food for them has enabled many to 
survive in bad weather. 

Many kinds of birds are safer when living near man. He no longer confines 
them to cages to hear them sing. In this country, except in lawless communities, 
he does not shoot song birds for food or because he has no other living creatures 
to shoot at. 

This changed attitude toward birds has come about mainly in recent decades. 
Much credit & it is due the Audubon Sodeties and other associations for the pro¬ 
tection of birds. Probably even more has been done by the schools, many of t^m 
by natural hiftoy museums. They have succeeded in getting the children 
interested in finding out more about the life of birds and in that way becoming 
more sympathetic towa^ them. 
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Blackbird, Yellow'headed, 321 
Bluebird, 311, 315 
Bobolink, 313, 318 
Bobwhite, 313, 318 
Bunting, Snow, 310 
Cardinal, 311 

Chickadee, Black-capped, 315 

Chickadee, Carolina, 312 

Chicken, Prairie, 319 

Crane, Sandhill, 320 

Crow, 312, 313, 315, 316, 318, 319, 337 

Diekcissel, 321 

Dove, Mounting, 312, 313, 315, 319, 333 

Eagle, Bald, 319 

Egret, American, 312 

Egret, Snowy, 312 

Flicker, 314 

Gallinule, 320 

Goshawk, 316 

Grouse, Rufled, 310 

Hawk, Coop^er'B, 318, 316 

Hawk, Marsh, 313, 316 

Hawk, Red-shouldered, 319 

Hawk, Red-tailed, 316, 319 

Hawk, Rough-legged, 316 

Hawk, Sharp-shinned, 313, 316 

Hawk, Sparrow, 314, 318, 354 

Hawks, 313, 316, 318 

Heron, Black-crowned night, 313 

Heron, Great Blue, 313, 819, 320 

Heron, Little Blue, 312 

Jay, Blue, 311 

jtmeo, 321 

Killdeer, 321 

Lark, Northern Homed, 310 

Lark^ Prairie Homed, 321 

Logcock, 319 

Longspur, Lapland, 310 

Martin, Purple, 314 

Meadowlark, 313, 318 

Meadowlark, Western, 321 

Mockingbird. 311 

Nuthatch, 816 

Ovenbird, 820 

Owl, Bam, 312 

Owl, Barrel, 317, 819 

Owl, Great Homed, 317, 318, 319 

Owl, Screech, 314 

Owl, Snowy, 317 

Owls, 317 

Paroquet, Carolina, 819 


Partridge, Hungarian, 813,818 
Pheasant, Ring-necked, 813,815,816,817,318 
Phoebe, 313 

Pigeon, Passenger, 312, 319 
Plover, Golden, 320 
Plover, Upland, 321 
Rails, 320 
Raven, 319 

Redpoll, Common, 810 
Robin, 311 

Sandpiper, Pectoral, 321 

Shrike, Northern, 310 

Snipe, 313, 320 

Snowflake, 310 

Sparrow, Bachman’s, 312 

Sparrow, Chipping, 314 

Sparrow, English, 313, 314, 315, 320 

Sparrow, Grasshopper, 313, 318 

Sparrow, Henslow’s, 321 

Sparrow, Lark, 321 

Sparrow, Leconte’s, 821 

Sparrow, Nelson’s, 821 

Sparrow, Song, 813 

Sparrow, Swamp, 820 

Sparrow, Tree, 321 

Sparrow, Vesper, 313, 818 

Starling, Euroj^ean, 314, 315, 820 

Swallow, Cliff, 314 

Tanagers, 320 

Thrush, Wood, 311 

Thrushes, 320 

Titmouse, Tufted, 311 

Turkey, Wild, 319 

Vireoa, 820 

Warbler, Cape May, 320 
Warbler, Cerulean, 320 
Warbler, Hooded, 311 
Warbler, Prothonotary, 311 
Warbler, Yellow, 320 
Water-Thmshes, 313 
Woxwingi Cedar, 316 
Woodcock, 313 
Woodpecker, Downy, 814 
Woo^cker, Pilcat^, 310 
Woodpecker, Red*bellied, 319 
Wooi^cker, Red-headed, 814, 320 
Wren, Bewick, 811 

Carolina, 811, 814 

House, 311 

Short-billed Marsh, 313, 820 
Wrens, 811 



LABORATORY TESTS SHOWING THE EFFECT OF DDT ON 
SEVERAL IMPORTANT PARASITIC INSECTS 

ALVAH PETERSON^ 

The Ohio Agricultural Eaipcriment Station, 

Wooster, Ohio 

During the summer of 1945 the author was given the opportunity to study the 
effect of DDT, a new touch insecticide, on certain parasitic insects, particiilarly 
those attacking the oriental fruit moth {GrapholUha molesta (Busck) ) and the 
strawberry leaf roller (Ancylis comptana fragariae (Walsh and Riley)). The 
project was a cooperative set-up between the U. S. Bureau of Entomology and 
Plant Quarantine and the Department of Entomology of the Ohio Agric^tural 
Experiment Station at Wooster, Ohio, The author is indebted to N. D. Blackburn 
for assistance in obtaining some of the parasites and for observations made when 
the author was absent, to H. W. Allen of Moorestown, N. J., for shipments of 
living specimens of Macrocentrus ancylivorus Roh. and to C. P. W. Muesebeck for 
final determination of the species of parasitic insects tested. 

The following is a brief summary of the many tests conducted in the laboratory 
to determine how toxic a dry deposit of DDT spray on foliage might be to parasitic 
adult insects that visited the treated leaves. The tests were designed to determine 
the strength of DDT and the exposure time required to kill, as well as the toxicity 
of deposits one to nine weeks old on orchard-sprayed foliage. The exploratory 
nature of the project gave the writer an opportunity to test various parasitic and 
predacious insects, however, this report is restricted to a summary of the results 
obtained from numerous tests with five parasitic species, namely, one braconid, 
Macrocentrus ancylivorus Roh., an important parasite of the Oriental fruit moth, 
reared from field-collected strawberry leaf rollergtand from the potato tuber worm, 
(Gnoriniosekema operctUella (Bell)), in the laboratory; two ichneumonids, Cre- 
mastus cookii Weed and C. forbesi Weed reared from field-collected strawberry 
leaf rollers, and two tachinids, Nemorilla floriaiis (Pall.) reared from field-collected 
strawberry leaf rollers and Archytas apicifera (Walk.) collected on sweet clover. 

iTie DDT (2, 2-bis (p.-chlorophen>4)-l, 1, 1-trichloroethane) used was prepared 
by du Pont under the trade name ‘‘Deenate, 25W/' This wettable powder con¬ 
tained 26 per cent DDT. Consequently in all the formulae employed, 4 parts 
were used for each single unit of DDT stated in the dosages named. Three methods 
of testing were employed, namely, small vials for walk-tests, large vial tests, and 
small w(X)d-gauze-celluloid cage (4' x 4' x 6*") tests. The cage tests were most 
satirfactory; hence, most of the results reported are from exposures made in 
the cages. 

Small-Vial Tests. —For testing parasites individually, especially for short 
Exposures not exceeding 10 seconds, the small-vial walk-testing prodecure was 
very satisfactory. In this method a single adult was placed in a clean 15 x 80 mm. 
shall vial. The open end of the vial was inserted in a glass tube 15 cm, long lined 
in the center with 5 cm. of sprai^d (dry) peach foliage. By proper orientatioc 
toward a light source (a north window) the adult was induced to walk over the 
sprayed fo&ge and into a clean 15 x 80 mm. shell vial at the opposite end. This 
contained a small drop of honey-agar. After the adult had entered, the vial was 
xemoved and stoppered with a moistened gauze covered cotton dug. The act of 
wallop over the sprayed fdiage required 2 to 10 seconds. When tested indi- 
lAAnnWy in lots of 10 replicated several times, the results with sidults of M. ancy- 

^Professor of Entomology at Ohio State University, Columbia, Ohio. 
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livorus showed 60 to 90 per cent kiU within 36 hours after the adults had walked 
over and touched a dry deposit of DDT on a peach leaf that had been sprayed with 
a 1-1000 wal^ suspension of the material (Le., 1 gram of DDT in 1000 cc. of 
water). In similar tests Cremastm cookii, C. ferbesi and NemoriUa foriolis were 
unaffected by the same spray, also sprays containing 1 part of DDT to 5000 and 
10,000 parts water produced no kill. 

Lakge-Vial Tests. —Ntanerous large-vial (1' x 8') tests ww conducted with 
the various parasites. The results in most cases were very similar to the small 
cage tests; consequently, they will not be reviewed in this report. One or two 
facts, however, should be mentioned. A 10-minute exposure of M. ancylivrous to 
DDT sprayed at the rate of 1-1000 killed all the adults, while 10 minutes exposure 
to DDT at the rate of 1-5000 to 1-10,000 produced (^y 60 to 70 per cent kilL 
In gener^, the percentage killed in the large vials was not as high for a given 
exposure or dosage as similar tests in the ca^. This may have bwn due to the 
high humidity present in the vials, especially where leaves were present for the 
duration of the test. 

Cage Tests. —^The cages used were 4' x 4' x 6'. The ends, top and bottom 
were made of wood; the back was covered with gauw, and on the front was a 
sliding door made of wood and celluloid. These cages resembled closely the 
shipping container described previously (Peterson, 19^). The principal differ¬ 
ences were that one long side of the cage served as a bottom, the sliding door was 
‘ covered with celluloid, the 2 dram homeopathic vial containing water and dental 
cotton was fastened in a horiaontal position to the inner surface of the left end, 
and the piece of cardboard smeared with a honey-agar mixture was tacked to the 
rear inner surface of the top board. In each cage either a sprayed or an unspray^ 
peach twig possessing five to seven leaves and held in a 3^am homeopathic, 
cotton-stoppered, water-filled vial was inserted in such a manner that some of the 
leaves were in contact with the gauze side of the cage which faced the outside light 
source. AH cages were cleaned thoroughly and swabbed with 95 per cent ethyl 
alcohol before they were used for succe^Ung tests. In each cage was placed fre^ 
water, honey-agar food, and the test peach twig, before the 10 to 25 or more adtilts 
were introduced through the cork-stoppered opening. The twig was kept in the 
cage for the duration of the test. In most tests more females than 'males were 
used when it was possible to determine the sexes readily. AH cages were placed on 
the wide siU of a north window which was kept open day and hight. The tem¬ 
peratures within the cages agreed clowly with those re^rded at the Ohio Agri¬ 
cultural Experiment Station weather statical. UsuaHy final records were taken 36 
to 48 hours after the adults were introduced. In most tests the nojortality in the 
check cages was less than 10 per cent. If the mortality in the check cages exceeded 
25 per cent, the series was considered unsatisfactory. The cages woe used 
primarily for two tjmes of testing, namely, (a) the determination df the dosage of 
DDT required to km and (b) the effect on the toxicity of PDT-spmy deposited 
on the foliage of peach trees which remained exposed to the weather in the orchard 
until used. 

In the dosage tests, 10 to 25 (or more) adults, uauaUy leas than 3 days old, were 
used in each cage. The number employed depended upon the supply available. 
Two series of dosages were emiHoyed: (a) If the supply of parantes was large, 
dosages of DDT at the rate of 1-10,000, 1-20,000, 1-30,000, 1-40,000, 1-50,000 
and 1-100,000 water suspensions were used, (b) wlimr the parasite supply was 
low, dosages of 1-10,000, 1-50,000 and 1-100,000 were used. In aU the tests, the 
peach foliage was apray^ at the specified dosages and allowed to dry tlutrougldy 
before the twigs were placed in l^e cages. five species of insect parasites 
named previously were subjected to the dosage tests. In most cases, etqaeciaHy 
among the species of Hymenoptera, all teste were replicated several times. 
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Results of Dosage Tests. —In all of the experiments with all fiA?e species 
of parasites, a dosap of DDT at the rate of 1-10,000 killed 100 per cent, except 
in one replication with C. Jorhtsi where 90 per cent were killed. In a number of 
senes of trats, dosages as low as 1-50,000 killed 100 per cent, e^iecially in tests with 
M, (Mcylivorus and A. apidfera. Also, in some oi the tests with If. ancyUvonu, 
00 per cent of the adults were killed at a dosa« of 1-100,000. Among the 
Hymenoptera, 3f. ancyliwrus proved to be somewrat more susceptible toDDT 
than the species of Cremastus tested. This was most evident at dosi^^es more 
dilute than 1-30,000. It was observed among the Hymenoptera that males 
females were equally susceptible to DDT. 

The age of the DDT (teposit on foliage appeared to effect the toxicity of the 
material. This was indicate strongly in some of the series A dosage tests where 
sprayed leaves of a given test were held for 3 to 6 dasrs and used again in the same 
cages with the same species of par^te. In the r^)eat tests with M. oncyKtorus 
and C. forbesi the per^t^es of kill were lower at all dosages less than 1-!K),000 
than in the first tests wiu the same sprayed leaves. Tto indicates strongly 
that some deterioration in the toxicitv of the DDT on the sprayed leaves took place 
during the 3 to 5 day holding period. 


TABLE I 

Table Showing the Effect op Agb-op-Speav-Dbposit on the Toxiciry op DDT to 

U, ancyUMTUs 


Dosage 1 part DDT to 1000 parts of water 


Cage 

Data 

Sprayed 

Tested 7/81, 70-96* F,, 60 per Cage 

Tested 8/22, 61-74" F., 25 per Cage 

Age in 
Days of 
De^sit 

Inches 
of Rain*" 

No. 

Dead 

36 Hr. 

Pet. 

Dead 

Age in 
Days of 
Deposit 

Inches 
of Rain* 

No. 

Dead 

40 Hr. 

Pet. 

Dead 

A 

Check 

No DDT 

3 80 (12) 

10 

20 

^No DDT 

6.17 (16) 

3 

12 

B 

6/19 

42 

8.80(12) 

6 

12 

64 

6.17 (16 

12 

48 

C 

6/26 

36 

3.03 (11) 

43 

86 

68 

5.00 (15) 

23 

92 

D 

7/2 

20 

2.81 (9) 

49 

98 

61 

4 08 (12) 

25 

100 

E 

7/9 

22 

2.66 (7 

43 

86 

44 

3.93 (11) 

25 


P 

7/16 

16 

.38 (4) 

50 

100 

43 

1.66 (8) 

25 


G 

7/23 

8 

.06(2) 

60 

100 

30 

1 32 (6 

25 

100 

H 

7/30 



• 


28 

1.29 (5) 

25 


1 

8/6 





16 

1 27 (4) 

25 



*The mitnbers in parenthases indicate the number of rains the checks and treated foliage 
received. , 


An interesting observation relating to temperature was noted in the dosage 

C and also in the tests with deposits of various ages on orchard-sprayed foliage 
table). In several tests with if. ancylivorus and C. forbesi, it was observed 
that more rapid and mote extensive kill took place when the temperatures during 
the cage tests averaged dose to 70° F. than in similar tests where the average 
tenperature of the cages was 80° P. and higher. Further tests are needed to 
■i^Maatiate theM unexpected results. 

Result cs Agb-of-Dbposit-Tbsts. —In addition to the dosage and exposure 
time eiqierinients, a series of tmts with foliage qnayed at 7-day periods from 
|tu» 19 to Aug^ 8 were conducted on July 2,11,16,23. 30, and Ai^st 8 and 22, 
1945. Zn thae tests the adult parasites were exposed to the foliage from the 
OKhard-spia^ trees coated once with DDT at rate of a 1*1000 water sue- 
pendcm. During the season, M, emcyUvorus was available for aU the test periods; 
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adults of other parasites, reared from the strawberry leaf roller, were available to 
July 20; and A. apicijera, collected from sweet clover, from July 30 to August 10. 

In all of the age tests where average temperature during the test period did not 
exceed 72® F., 100 per cent of all of the adults of all the species were killed when 
exposed to DDT orchard-sprayed foliage 1 to 4 weeks old. In similar tests with 
M. ancyHtorus, 100 per cent loll took place with orchard-sprayed foliage 7 we^s 
old. If the temperature at the test period averaged 80® F, or higher, the per¬ 
centage killed was reduced somewhat. Rainfall on the sprayed foliage apparently 
did not reduce sufficiently the toxicity of DDT to parasites to permit them to 
visit the treated foliage without some or complete mortality. 

Individual peach trees were sprayed once with DDT at the rate of 1-1000 
on the dates indicated. These trees received no further spra^ or dusts diuing 
the entire season. The table shows the age of the spTByed foliage employed, the 
rains to which it was subjected, and the number and percentage of adults killed in 
two of the tests. Note that lower percentages of kill are recorded when the test 
was made at temperatures averaging 82® F. (July 31 test) than at temperatures 
averaging 08® F. (August 22 test). 


SUMMARY 

Tests were conducted on the effect of DDT on certain parasitic insects, par¬ 
ticularly those attacking the oriental fruit moth (GrapholUka moUsta Bu^)) 
and the strawberry leaf roller (Ancylis comptana fraforiae (Walsh & Riley)), to 
determine the strength of DDT and the exposure time required to kill and the 
toxicity of deposits 1 to 9 weeks old on orchard-sprayed foliage, 

DDT was found to be exceedingly toxic to Macrocentrus ancylivorus Roh., 
Cremasius cnwkii Weed, Cremastus forbesi Weed, NemotiUa floralis (Fall.), and 
Archylas apicifera (Walk.). 

In all tests except one. 1 part of DDT to 10,000 parts of water killed 100 per 
cent of the adtilts of all five species. Macrocentrus ancylivorus and Arckyias 
apicifera showed total mortality at strengths as low as 1 part to 50,000. 

DDT on peach foliage from the orchard sprayed at the rate of 1 part to 1,000 
parts of water continued to be highly toxic for 4 to 7 weeks. In some tests with 
Macrocentrus ancylivorus 100 per cent kiU resulted when males and females were 
exposed to orchard-sprayed peach foliage at least 7 weeks after a single spraying 
with DDT. 

CX)NCU;SIONS 

The above laboratory tests indicate that DDT may prove to be toxic to adults 
of many species of braconids, ichncumonids and tachinids if they touch, walk or 
rest on plants in the field that have been sprayed with DDT for the control of 
insect pests. Briefly stated, biological control of some iflsects may be curtailed 
when DDT is used extensively. 
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Figs. 5 and 6. Edwards Bros., Ann Arbor, Mich. 



THE LIFTING EFFECT OF QUICKSAND 


ERNEST RICE SMITH, 

DePauw Univet^ity 

Two extremes of opinion regarding the lifting effect of quicksand may be briefly 
stated, of these, in fact, the opposite of lifting effect, is exemplified by the 
general picture of quicksand deposits as l 3 ring in wait to entrap and engulf the 
unwary. This is the quicksand, not only of novels such as Larna Doone, Moonstone 
and Assignment in Brittany, but also it is a very common belief. Certainly, each 
year, quicksand is the cause of loss of considerable numbers of domestic animals, of 
human lives and of considerable property. The other opinion was stated in 1931 
in an article in Science News Letter (3) as follows: ‘‘You're Safe in Quicksand If 



You Keep Still. ... If you ever have the misfortune to fall into quicksand, 
don’t get panicky and thrash around. If you keep quiet, allow yourself to go 
down feet first and keep your arms outstretched, you will soon find yourself resting 
at a depth just below your armpits. As a matter of fact, quicksand will support 
you t#ice a$ ecusily as water." 

In view of the theory of what makes quicksand "quick," as proposed in 1900 by 
Haeen (2), later by Burt (1) and at somewhat greater length by the present writer 
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in 1945 (4), it was decided to test exactly the lifting power of a given quidtaand. 
This the^, in brief, is that quicksand has its particdar mtyerties because water 
(a spring) is rising through it with sufSdent vdocity to lift 1 m sand grains apart; 
thus the immersed body is going down into water, handicapped by m sand ami 
under the lifting dfect of the buoyancy of the water as weQ as the rising current. 
To study exactly this lifting effect, a model of wood (IwMdefidrea) (F^. 1) was 
made, with strips of lead fastened on the feet to keep tite model uprii|^t in liquids. 

The levels to which it sank in water and in sand made quick by nsiog currents 
were marked on the model. (Fig. 1.) The lifting power « the particiuar quick¬ 
sand used was then determined by ttse of an hydrometer to te equal to that of a 
liquid with a raedfic gravity of 1.156. This is between one-sixth and onenwventh 
greater than uiat of water. The exact level will be determined by two factors: 
(a) the specific gravity of the entrapped body (a man with hunting boots and a 
cartridge belt or a man who when swimming has difiScully floatiM xmd can easily 
sit down on the bottom of a swimming pool may be entirely engulmd); and (b) the 
velocity of the rising current. It is tlus second factor whidh lea^ the writer to use 
the term, "lifting meet," rather than buoyancy, buoyancy being only part of the 
"picture.” The necessary velocity of the rising current will be determined by the 
weight of the individual grains of sand, tl» coarser and heavier the grain, the 
greater the velocity and the greater the lifting effect of the quickaand. 

The lifting effect corresponding to that cl a liquid with a specific gravity of 
1.156 does not agree with the statement in the Seiatce Nema Letter, "... quick¬ 
sand will support you twice as easily as water." To check just how h^h a Uquid 
with twice the buo3ran^ of water would lift the model, it was put in ethylene 
dibromide, specific gravity of 1.96. Figure 1 shows that this liquid, with a specific 
gravity of nearly two, lifts the model very much higher than quidesand. Thus 
quick^d has a lifting effect, not twice that of water, but about one and one- 
seventh times that of water. 
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CHECK LIST OP OHIO LEAFHOPPERS 

(Homoptera: Cicaoeludae) 

HERBERT OSBORN 

AND 

DOROTHY J. KNULL, 

Ohio Biological Survey, 

Depart&oj^t of Zoology and Entomology, 

Colttmbtti 10, Ohio 

An attempt is made to list all species known to occur in Ohio, This list is 
based on thr^ papm dealing espedallv with Ohio fauna: O^m, Herbert, Ohio 
Biological Survey Bulletin 14,19^, and Supplemental Records and Notes on Ohio 
Leafhoppers, Ohio Journal of Seienco, 32:513*517,1932; and Johnson, Dorothy |Mm 
O hio Biological Survey Bulletin 31^ 1935. 

Since the publication of these papers a large^ number of additional species 
has been collected, and numerous changes, particularly in generic placement, 
have been made. In case the genus differs from that under which the species was 
listed in these papers, the old generic name follows the speciffc name in parentheseses 
and is italicized. The same treatment is used for synonymy and for varieties which 
have been raised to 8j>edfic rank. All species which are additions are in bold face 
type and an asterisk is placed in front of the name. These new records may be 
from publications by various authors in which the species are described, or crom 
mateiW collected or determined more recently. The determinations have been 
made by D. J. KnuU and all records, unless other collectors are mentioned, are 
from the collecting of D. J. & J, N. KnuU. 

A total of 615 species and 32 varieties of which 171 species and 11 varieties are 
new records are listed. 


EURYMELINAE Kirkaldy 
Idlocems Lewis 
altsmstus Fitch 

*smsirilis Ball, AsQitabula Co., June 24, 
1981, £. P. Breaks; Sugar Grove, July 
27, 1928, C. C. B. Mayer; Hocking Co., 
July 27 1^. 
crj^ugl V. D. 
duseefFrov. 
fttcUV. D. 

^fonnosoi Ball, Hocking Co., June 19, 
1988. 

IsciifyiBslls Pitch 
a«mtw V. D. 

IMtUidin Fitch 
imaadMri V. D. 
wuifii (Geniur) 

■aewi OiHette & Baker 
••KlnitoM Sander, & DaLong, AehUbula 
Co.) June S4, IMl, S. P. BraaJcey. 

Pitch 

w. Bldl 

MACROF8INAB Evans 
liWdHs (Van Dusee) 

Mmitr CMborn) 
flitteMftBreakey 

Breakey 

wyttueoesluls^ A B.) 
fsmgiasSiils D.) 


Hunipennis (G. & B.}, DeUnrare Co., June, 
l944^crocoa (O. & B.)) 
gledltechise (O. & B.) 
inirignis (V. D.) 
nigncoiis V. D. 
osbomi Breakey 

*qasdrlmsailata Breakey, Hocking Co., 
Sept. 14, 1944. 
leveisalis (O. & B.) 

*robusU Breakey, Lucas Co., June 21,1943. 
nifoeepihaU Osborn 
■ordlda (V. D.) 
soturalis (O. St B.) 
trimacuiata (Fitdi) 
tristii (V. D.) 
trivislis (BaU) 

*vi»tcens (Gmelin) 
var. paininea (Pabr.) 
vixldls ^iteb) 

Oneoptia Burmeister 
costas (V. D.) 

*fai (Fitch), common 
fltchl V. p. 
miaar (Fitch) 


ttlgriaasi^tch) 
*iNMtis (Walker) 
vsrishllls (Pitch) 
vsrttda (Say)— (disU) 


vsrttda (Say)—( 
Hiemis Ball 
pslaieri (V. D.) 


[disHnaus (V. D.)) 
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AGALLIINAE Kirkaldy 
AfalUoMlf Kirkaldy 

*cervuui Oman, Kodkxn^ Co., June 16, 
1945. 

noTella (Sayl^AgolKa) 

^ImeocttUta Oman— (A^ia ocukUa V. D.), 
Little Mt., Aug. 24,1904, J. G. Sanders, 
Williams Co., E. P. Breakey. 

Agallk Curtis 
conatricta V. D. 
quadripunetata (Prov.) 

Aoerataaallia Kirkaldy 
■aagunolenta (Prov.)— (AgaUia) 

BYTHOSCOPINAE Dohm 
Stngania St&l 

(Penestragania) Beamer & Lawson 
^alabamAaia (Baker), Columbus, June 29, 
1942. 

apleaUi (O. & B.)— (Bythoscopus) 

TETTIGONIELLIDAE Jacobi 

Auladzea 

irrcKrata (Fabricius) 

Cuema Mdichar 

lateralis (Fabricius)— (Oncomeiopia) 
*li]nbata (^y) 

Oncometo^ St&l 
o&data (Fabricius) 

Cimlnius Metcalf & Bruner 
hartU (BaU)—(Aol/a) 

KoQa I>istant 
bifida (Say) 
aeometrica (Signoret) 

Hdoehara Fitch 
communis Fitch 
Gra^ocephala V. D. 
coocisea (Forster) 

▼ersuta (Say) 

Plesioiiimata iVovancher 
tripunctata (Fitch)— (Pagaronia) 
Dfaeculacephala Ball 
aacolifera (Walker) 

*a]tBca (Walker) 

*coiistricta Davidson & DeLong 
Insorlpta V. D. 
minor (Walker) 
moUi^s (Say) 

pfaslna (Walker)--(f»oa 05 ofactfn«i 5 ) 

(Fitch)) 

NedkoUa Melichar 
gothics (Signoret)— (Ctcaddla) 

EVACANTHINAE Baker 
Bvaeanfiitts LaPeletier 8c Serville 
acuminatus (Fabricius) 

GYPONINAE St&l 
Penthimla Germar 
americana Fitch 
Gypona Germar 
melonata SpAngberg 
Gyponana Ball 

*acia DeLong, Columbus, June 20, 1945; 
Deliaware Co., July 16; Hocking Co., 
July 26, 1945. 

*aniara DeLong 

*arcta DeLong, on hemlock, Fairfield Co., 
July 10, \m\ Hocking Co., July 2,1646. 


^brovlhama DeLong 
*caaiTntns DeLong 
*cinif orta DeLong 
*coAtractura DeLong 
*expanda DeLong 
*srienda DeLong 
*flavilineata (Rtch) 

*fladia DeLong, Hocking Co., June 10, 
July 2, 1945. 

*iamina DeLong 
*maU DeLong 
'*moro 0 ita Ddlong 
octolineata (Say)— {Gypona) 

*var. serjmta DeLong, Fairfield Co,, 
June 10, 1M6. 

^orau DeLong, common 
*palma DeLong 
^panda DeLong 
^plngua DeLong 
*promnta DeLong 
*sal8a Delx)ng 
*scrupiJiosa (Sp&ngberg) 

^sanata DeLong 
striata (Burm.) 

*teneUa (Sp&ngbei|:) 

*trlaona DeLong, Hocking Co., August 29. 
1943. 

‘^bera DeLong 
^torblna DeLong 
iinicolor (St&l)— {Gypona) 

*vasta DeLong 
Rugosasia DeLong 

Square! DeLong —{Gypona rugosa Sp&ng- 

P«iumi3an 

*aatiea DeLong 

Umbatipennis (Sp&zigberg)-*-(jcoria^‘iia 
var.) 

limemea Ball & Reeves (scarlatina var.) 
pectorslia (Sp&ngberg)— ^st^arloB'na var.) 
ptmoticollls ^p&ngb^) 

*qiiadralabs DeLong 
*rabida DeLong 

scarlatina (Fitch)—(radora BaU) 

LEDRINAE (StAl) 

Xeropbloea Germar 
majesta Lawson 
major Baker 
viiidis (Fabricius) 

DORYDIINAE V. D, 

Psrmbi^ocratus Fieber 
flavldus Signoret 
major Osborn 
*roraadiia DeLong 
virldls (Uhler) 

APHRODINAE Kirk, 
i^lirodes Curtis 
alblfrons (Linn.)— (Acucephalus) 
bidnetua (Schratik )—{Acucephalus nervo- 
sus (Schrank)) 

flavostngstos (Donovan )—{Acucephalus 


KestocephalUi Y. D. 
bnmaotii V. D. 
cotonatiis 0. $c B. 
•nigrifrems Osborn 
plceus Osborn 
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*proTancheri KnuU 
puUcttiiu V. D. 

PeterSt Columbus, August, 1944; 
Ddaware Co., August 9 and 24, 1944, 
tuperbufl (Prov.) 
tMMllatus Van Duzee 

ATHYSANINAE Van Duzee 
Sanctaiittt Ball 
•ancttit (Say)— {Scaphoideus) 

Scaphoideua Uhler 

*auctu8 DcD>ng & Mohr. Put-in-Bay, July 
5, 1935,J, N. KnuU, 

*baculut DeLong & Mohr, Columbus, 
July 14 and 22, 1984, Whittington, 
(A. C. Miller Collection). 

*bifurcatu8 DeLong & Molir, Hocking Co.. 
July 29, August 16, 1945; Fairfield Co., 
July 26. 1946. 
carinatua Osborn 

*cheluB DeLong and Beery, Fairfield Co., 
July 26; Ho^ng Co., July 2. 
cineroaus Osborn 

^cytindratua DeLong & Beery, Hocking 
Co,, June 20 and July 26, 1945. 

*dettaua DeLong & Beery, Little Mt., 
August 21, 1904 (Osboiii collection), 
parat^e. 

*duatua DeLong & Mohr, Delaware Co., 
August 2, 1^5. 

^friaoni DeLong & Mohr, Fairfield Co., 
June 16, 19®. 
immiituf (Say) 
indsua Osborn, common 
fiexua DeLong & Mohr, new synonymy 
•Uttoralia Ball, Columbus, July 27, 1944. 
loteolua V. D. 
major Osborn 
melaiiotua Osborn 
minor Osborn 

*aigrelhis DeLong & Mohr. Morrow Co., 
August 20, 1^, E. S. Thomas; Dela¬ 
ware Co., August 22, 1045; Medina Co., 
August 28, 1946. 
nigrlcana Osborn 

obtoaua Osborn, Ddaware Co., July 2 
and 4,1944; Hocking Co., July 10,1946. 
ocbraceooa Osborn 
opalinns Osborn 
producttts Osborn 

*piilliia DeLong & Mohr, Hocking Co., July 
10, 1946; Pickaway Co., June 22, 1946. 
*aeelaatua DeLong & Mohr, Hocking Co., 
August 1, 1944; Franklin Co,, July 14, 


^tanwtua DeLong, Morrow Co.. At^st 20, 
1988, E.S. Thomas; Champaign Co., July 
29, 1984, F. Wbitington (A. C. Miller 
Collection); Delawaro Co., Aug., S«)t., 
1944-46; Pairfidd Co., July 26,194^ 
*tnuueu0 DeLong & Beery, Hocking Co., 
July 2. 

*ynfariitor DeLong & Beery, Fairfield Co., 
August 15. 19ft. 

LoBaniia DeLong 
Intdcahia (U3er)---{Sw#>A<»rf«w 
Odbotndloa Balt 

NOatua Beamer, Hocking and Fairfield 
Counties. 


auronitena (Prov.)— (Scaphoidens) 

Belarus Beamer, Monroe Co., July 6, 1948. 
conscirf (Uhler)—-(5ca^/M»(iettj) 

^corniger Beamer, Columbus, July 27, 
1944; Delaware Co.. August 24, 1944., 
fnctmdua (Uhler)— (Seaphaidms) 

*Iimo8US DeLong. Hooking Co., August 1, 
1944; September 3, 1943. 

*radix DeLong & Mohr, Columbus, July 28, 
1928, C. C. B. Mayer. 

Votundus Beamer 
acalarie (V. D.)— iScaphoideus) 
unloolor Osborn— (Scaphoideus) 

Preacottia Ball 

lobata (V. D.)— {Scaphctdeus) 
Platymetopiua Burmetster 
'rmllina (Fitch)— (Platymelopius) 

Japanus Ball 

byalinua (Osborn)— (Platymeiopius) 
Scapbytoplua (Cloanthanus) Ball 
acutua (Say)— {^Plai^etopius) 

*anguatataa (Osborn), Hocking Co., Octo¬ 
ber 17, 1944, det. Hepner. 

*arpitu8 (DeLong), Ashtabula Co., June 
24, 1931, C. C. B. Mayer, det. Hepner. 
"bicolor (DeLong), Hocking Co., 

tember 16, 1943; Fairfield Co., June 16, 
1945. 

dnereua (O, & B.)-^Platymeiopius) 
cupreacena (psboTn)^Platymeiopiu5) 
frontalia (V. D.)— (Platymetopius) 
fulvus (Osborn)— (Platymeto^us) 

*haatua DeLong, Hocking Co., June, July, 
August, October; Scioto Co., June 
10, 17. 

^latua (Baker) 

mi^dalenaiB (Prov.)— {Platymetofdus) 

(DeLong), Delaware Co., June 
July, Hocking Qs., July, September. 
*obacunu (Osborn)— {Platymelopius) 
*8crlptua (Ball), Delaware Co., June, July, 
August, feptember; Cedar Swamp, 
September 5, 1941; Champaign Co., 
July 29, 1934, P. Whittington (A. C. 
MiUer Collection). 

*triangnlariB DeLong, Delaware Co., June, 
July, September; Hocking Co., June, 
September 14, 1944; Scioto Co., June 
10, 17. 

Acurhinua Osborn 
pyrops (Crumb) 

Flezamia DeLong 

abbreviata (O. & B.)— {Deliocephalus) 
areolata {DeLong)-^IhUocephalus) 
*atlantica (DeLot^) 
imputans (O. & B.)— {Ddtocephalus) 
inflata (O. & B>)—(Deltocephalm) 
plcta (Osborn)-Hl>d*ocep^tts) 
refleza (O. & B.)—^Delk>c€phalus) 
aanderai (psbotny-^Dellocephalus) 
•ityUta (Ball) 

Latuua DeLong & Steesman 
confiamtua (Uhler)— (Deliocephalus) 

. nuyiWitch)-HDeU0cephalus) 

Paloa DeLong & Sleesman 
ddector (S. & D.)^D^Uocephalus) 
Polyamia DeLong 
apicala (Osborn)— (Deliocephalus) 
compacta (O. A BJj-^DeUocephalus) 
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faimlca (Say)— (Delhcsj^^us) 
intetroRto (DeLong)— (DdtocepkaUis) 
obtecta (O. & B.)^D 0 Uoutkaius) 

WMdi (V. 

LMvlcaimaltts DeLone 

& DeLOf »ioto Co., June 10, 17, 
1044; Hoddng Co., Septcmte 10,1948. 
deWIia (IThlerj-^Pmc^Ao/iu) 
melahtUBerii (Fitch)— (DtUocepMus) 
mfafapni (O. & B^-^D^tocewialus) 
*piUTtiliia (Gill.), Scioto Co., June 1, 1945« 
^ioicatos (DeLonff), Scioto (So., Tune 10, 
17, 1944; Hodcing Co., June 8,1943. 
atrietas (L*)~4I>eliocepkalus) 

(O. & B,y-\D€iU»c€phalus) 
*witecl Oman 

ittleoterataa (O. ft B.)— (JMiocepkal$is) 
An^ito^imliui DeLona 
ortNWttl (Van Dueee}— {DeUoeephidus) 
•httlBanite (O. ft Bo^D^tMphalus 
SimpUx V. D.) 

Dehoeenhalua Burmeister 
belli O). 
ci^eratua Ball 
flaTleoatita(St&l) 

*|rallcaritta (Fallen) 

TTttenia DeLong 

^oolonna (Uhler), Hocking Co., September 
9, 1939. 

Lonatara O. & B« 
eatalina O. ft B. 

Amblysellita Sleeeman 
etsrtlBli (Fitch)—(£efc«ft‘s) 

Ampblnyga Osb(M 
balllOsboni 

Driotura Osborn ft Ball ^ 
gammeroidaa (V. D.) 

*var. flava O. & Cantwell Cliffs, 
August 11, 1934, Whittington (A. C. 
Mifler Collection). 

•var. fulva O. & B.. HoddM O., August 
5, 1945, Whittington (A. C. h^er 
Collection). 

Doratura Sahlberg 

*atylata (Bohemann), Oak Openings, Lucas 
Co,. July 30,1943. 

Eadtianua Ball 

obacttrinervia (St&I)— {EusceUs) 

Umotettia Sahlberg 
pmiBBluM (V. d!)— [Eusedis) 
atrioliia (Fall6n>^£«iscsltfs) 

Boacelia Brull4 
extruaoa (V. D.) 

aahibefgl (Reuter )—(dsupius B ft 
DeLong) 

Ophiola Edwards 
anthtadna (V. D.)— (Eusedis) 
eomiciila (Marsh )—phtUmius 
Uhler) 

eimeata (S. ft DeL.)—(Eiwdif) 

*OBbmi Ball, Scioto Co., June 17, 1944. 
ftriatula (PaU4nWEwri:«It» 

Rblerl (Ball)— (Eusedis) 

Bttzeltna O. ft B. 
biedorV, D. 

*ooavexaa Thomas 

^obtutoa V. D., Adams Co,, October 1% 
J. S. Cddw^ 


AMgl* Ball 

**iDodeeta (O. ft B.), Delaware Co., August 
2, 0, 1945; FaiiMd Ck>., July 10, mi. 
UeaamU BaU 
algridoraitm BaU 
*ffrlunine>a (Osborn) 

Bandara Ball 
anrata (Ball}--(£«te^) 

^eurrata KnuU 
nnflata Knuil 

Jolmaoia (V. B.y-{EuMiu) 

*paraIleU KmiU 
O^ua Fid>er 

‘ “s), oommonon 


Bnlettiz Van Dtisee 

*hnnmei» Osborn, Delaware, Hocking, 
Pairffeld, Licking and M^ina Cob,^ 
Carpinus. 

Imldus (V. D.) 
m ana oi a t u a V. D. 
qoerci G. ft B. 

■outbwlokl V. D. 

•obaemis (V. D.) 

NonreUlna BaU 

ehenopodil (Osborn)—{Eidsttix) 

heleaae Bad _ 

*pttkhella (Baker), Athens, June 25, 1983, 
W. C. Stdu*. 

aeminuda (Say)— (EukiHx) 

Menoeoma Ball 
dneta (0. ft B.)— (EuUUix) 

Oriantua DeLong 

*iilildae (Mats.), Bedey, (Columbus 
lowaaus BaU 

(DeLong) 

ma^stua (O. ft B.)— (Phiepsius) 
Texaaanita Ball 
deeonis (O. ft 
rdhtecttlua ( 



ParanhleiMiiia Baker 
apertoa (Van Dusee)—(FWs^wiw) 
bmuieua (DeLong)— 

^ dneretwjv. D.)— (Pmpsius) 
edlittta (Ball)—(PlUe^snu) 
*ebemeohti (6. ft hJ)^Phkp$ius) 
ftttvidoranm (FitchJ^PM^mr) 

(V. D.)-\Pkt0Mus) 
var. ti^cultts (Ball)—(PWs^sw 
tufidCmUs) 

buimm^D.i~-(PhUi^) 



iptmt) 


ntdtJostu 


patUlM (Baker)— 

(B^)— 

(WaJktr)—/Uefmu 

PMefsius ukferi V. D.) 

tmeckua (V. D.}-<FU$ptiiu) 
twihkoari 

Ttelwtelte Sinoret 

•Bad! (S^r^oiuiMe. July. 1M4. at 
light. 
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▲dfu^torot V. D. 

AOUOibuAiu V. 

Idiodontia Ball 

tomkotti (Uhler)—(rtemiMkttw) 
ColMoaut 

cUteUarto (Say)—<rAamik7k(l««) 
*var. marddus Ball 
Cblladonui Ball 


cdtait (Ball)—( ThamnaUUix) 
furetdatw (Osbcrm)— {ThamnoteUix) 
Bolarantw Ball 

hNApiliia (O. & B.)— (ThamnoteUix) 
▼Imiia (Criunb.)— CkloroUUix) 
Aitnua Oznan 


^"panpiciUatus (0. & B.), Athens, Sep¬ 
tember 2, 1038, W. C. Stehr; Columbus, 
July, August, 1044, at light. 
Thanuotettis Zetterstedt 
■imolez H. S .—(Chlamydatus (Prov,)) 
Gicadula Zetteratedt 
malaaogaster (PToy.)~-4Tkamnot€tiix) 
cyperaoea (Osborn)-^7wff^iiak^tz) 
Slymana DeLong 
Inonuta (V. D.)— (TkamnoteUix) 
Oraxninalla DeI.<ong 


fltehi (V. DJ— [ThamnotetHx) 
nigrifrons 0orbeay-*(XhdmfMUUix) 
pauidula (Osborn)— (THamnoUttix) 
Chiorotettiz V. D. 


*attanuattts Brown 
balU Osbco-n 
galbanatus V. D. 

*mdescana DeLong 
luaoriua (O. & B.) 

•patulatus Osborn Sc Ball 
tergatua (Pitch) 

*tuiucatus Ball, Hocking Co., June 26, 
1944, S^tcmber 14, 1944. 
unicolor (Fitch) 

*TacunuB (Crumb), Hocking Co,, Sep¬ 
tember 16, 1943. 
viridiuB Van Dviaee 
Baviaonia Oorst 
*deloiigl Dorst 
^ajor Dorst 

punctUrona (Fallen)— {Cicadula) 
var. repleta (Fieber)—(Cworfala) 
Macroatelea Fieber 
diviaa (Uhler)— sexnQktta 
(Fallen) 

lepida (V. D.)—(Ctcodala) 
potoria (Ball)— {Cicadula) 

*acrtpta (DeLo^) 

■lowonae (V. D.)—(Cicodala) 

▼iilata (Falldtt)—(C«odK/o) 


JASSINAE Amyot & Serville 
Janua Fabricius 
bmilli Sp&ngberg 
melaAotna Splngl^ 
oUtoiiuaS^ 

NeoeoaUdla G. & B. 

tumidlfrotia G. St B. 

ParaCoeUdla Baker 

tiibarAllata Baker, Hocking Co., October 
6, 1036, J. S. CaldwolL 


BALCLUTHINAB Baker 
laldtrtltA Kh^ldy ^ 

abdogiinalie {V. D,)—<E«rialbodus) 


bx^loCa (V. D.) 

*var. osbomi V. D. 

*var. macniata Davidson & DeLong 
punctata (Thunberg) 

Heaoatelea Kirkaldy 
*aeglecta (DeLong & Davidson) 


CICADELLINAE 
Alebra Fieber 
albodrieUa (PaU^ 
var. palUdula Walsh) 
var. agreata McAtee 
var. fmveola (H.-S.) 

^var. rubrafrona DeLong, Columbus, 
^u^, 1046; Delaware Co., July 8. 

^bicincta DeLong, Delaware Co., August 0, 
1946. 

fumida Gillette 


Dikraneura Hardy 
abnormia (Walsh) 
anguatata Ball & DeLong 
cruentata Gillette 
var. kanaienala I.«awson 
maculate Gillette 
mall (Prov.) 

*mera McAtee, common on oak in southern 
and central Ohio. 

urbana Ball & DeLong —(abnormis var. 
urhana) 

Alconeura Ball & DeLong 
^inacra Griffith, Hocking Co., April 80 
Forcipata Delx>ng & Caldwell 
•loca DeLong & Caldwell —(Dikraneura 
fisbert (Ldw) 

*oliloen8ia Deling & Caldwell 
Bmpoasca Walsh 
Submenus Kyboa Fieber 
albolinea Gillette 
atrolobea Gillette 
aureoviridia (Uhler) 

maligna Walsh—(also as denticula Gillette) 
obtuaa Walsh 
osbomi Hartzell 


patula DeLong 
pergandei Gillette 
emaragdula (Fallen) 
trifasaata Gillette 
unica Provancher 
Subeenus Hebate DeLong 
alboneura Gillette 


Subgenus Empoaaca Walsh 
bicoma DeLong & Caldwell 
bifurcate DeLong 
birdiae Goding-^infusca DeLong) 
coodnea Fitch 


conveigens DeLong & Davidson 
*curvatura Davidson & DeLong 
'^davidaool DeLong —(mucroftala Davidson 
St DeLong) 

diftracte DdLong Sc Caldwell 
dilate DeLong and Caldwdl 
eiigeron DeLong 

fabae ^arris)—(also as ^vescans (Fab.) ) 
hama DcLom Sc Caldw<^ 
funipera DeL^ 
lata DaLong & Cddwdl 
paBida Gillette— DeLong Sc 
Davidson) 
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*perloaEa Davidson & DeLong 
pynimacta DeLong ft Caldwell 
radUU Gillette 
neU DeLone ft Caldwell, 
recurvata DeLong 
apira DeLong ft Caldwell 
torqiia DeLong ft Davidson 
veouata DeLong ft Davidson 
vergena Del.^ng ft Caldwell 
Clcadella Dumeril 
davalis (McAtee)— (Euper^) 
flavoacuta (Gillette)— {Eupferyx) 

^melitaae (Curtis), Put-in-Bay, September 
18, 1946, on mint, Mary Auten Traut* 
man, D. J. ft J. N. Knull— (Epteryx) 
(Osborn)— 

Typwcyba Germar 
Ulaol Group 
MoUoaa KnuU 

*piacator McAtee, Hocking Co,, May 25, 
1938; Delaware Co., September 9 and 
10, 1943; Ashland Co., Mary Auten; 
Scioto Co,, June 9, 1943, June 10, 1944. 
*aciotoenal8 Knull 

*ulmi Linn., Columbus, at light, summer of 
1943. Knulls’ residence, one female 
specimen, 
mica McAtee 
Roaae Group 

*atliene McAtee, Columbus, August, 1944. 
aureotecta S. ft DeL. 

(^ba McAtee 
dnpUcata MrAtee 
InMwatti Baker— (xanthippe McA.) 
gillettei V. D. 
var. apicata McAtee 
var. casta McAtee 
var. fitdii McAtee 
var. russeola McAtee 
*var. aaflrana McAtee, Delaware Co., 
May 21, July 2; Fairfidd Co., June 
16, 1945. 

var. sellata McAtee 
var. lincera McAtee 
var. venusta McAtee 
var. vestita McAtee 

•var. volana McAtee, Delaware Co., June 
20,1943. 

•hockingentia Knull 

•landfer McAtee, Ashland Co., June 26, 
1936, Maty Auten; Shawnee Forest, 

J une 9, 1943; Columbus, A.I.XJ. Tower, 
unc 21, Vergil Argo. 

•melite McAtee 
tnodesta Gibson 
pluryne McAtee 
poinaria McAtee 
^tmant Knull 
Toaae (L.) 

mbrloeallata (Malloch) 

•shawnesana Knull 
tonlcanibra Gillette 
Danae Group 
aotlgoae McAtee 
appendieulata Malloch 
herenioe McAtee 

•eimdico McAtee, Cliftom June 14, 19Mi 
Franklin Co., July 14, tvfi: Monroe Co., 
July 6,1943; Hodkksg Co., July 12,1943. 


•Idaei Knull 

nicarete McAtee, common on oak 
Hymetta McAtee 
antiiisma McAtee 
balteata Fairbaim 
var. mediana Fairbaim 
dlatincta Fairbaim 
triiasciata (Say) 

Brythroneura Fitch 
Vulnerata Group 
atrata Johfison 

•fulmina McA,, Scioto Co., June 17,1944 
nigerrijna McAtee 
var. decora McAtee 
nipa (Gillette) 
ptuchella Rob. 

▼ulnerata Fitch 
Obliqua Group 
aboUa McAtee 
aenea Beamer 
•alata Knull 
albescens Beamer 
altemata Johnson 

•amabiUs McAtee. Fairfield Co., June 16, 
1946. 

autenae Johnson 
bicomia Beamer 
bitincta McAtee 
bnmdusa Robinson 
•caerula Beamer 
caldwelll Johnson 
•caota Beamer 
celebrata Johnson 
clavata DeLong 
•coarctata Beamer 
compUcata Johnson 
comipet Beamer 
•cotidlaaa Beamer 
crataegl Johnson 
crevecoeuri (Gillette) 
emdfonnia Beamer 
difflaa Beamer 
•dhdsa McAtee 
doweUi Beamer 
electa McAtee 
ehsta McAtee 
fragUia Johnson 
fulvocefsuda Robinson 
fumida Q^illette) 
funegta Robinson 
gledltsia Beamer 
Samata Beamer 
barpaz Beamer 
•lecmica McAtee 
•idonea Beamer 
IncoD^eiia Johnson 
•laibiita Beamer 
Itttricata Johnson 
kania Robinson 
lati^ Beamer 
lawwmiaoa Baker 
Beamer 

ikiiifiiiia Johnson 
mlBiita Johnson 
Bentner 
wtm (Gillette) 
wd ee cij i U JirfaMon 
eWhiw(^) 



No. 6 


CHECK UST OF LEAFHOPPERS 


335 


*p«itA Beamer 
Beamer 
*^ecisa Klnull 
repleU Johnson 
rubene Beamer 
rubrataenlenBis Beamer 
rubroacuta (Gillette) 
rubrotincta Johnson 
rufottigmoia Beamer 
var. auboila Beamer 
^aagittata Beamer 
sinoeia Johnson 
ilnua Johnson 
apatuUta Beamer 

*8pearca Auten & Johnson, Hocking C^., 
April 17, 1988, October 17, 1941; 
Shawnee Forest, June 9, 1943. 
stolata McAtee 
sty lata Johnson 
*tenebroBa Kntill 
tenuispica Beamer 
•torva Beamer 
tridena Beamer 
tmicuspidis Beamer 
vcdttcrU Beamer 
Macttlata Group 
abjecta Beamer 
accola McAtee 
acttleata Beamer 
adunca Beamer 
aesctill Beamer 
afflAia Pitch 
aita Beamer 
csita Beamer 
basilaris (Say) 
bella McAtee 

*biflda Beamer, Ashland Co., June 16, 
‘ Mary Auten. 
bigetnina McAtee 
biapinoaa Beamer 
calamitoaa Beamer 
campora Robiiton 
canmni Beamer 
certa Robinson 

*clani Beamer, Coal Grove, ^ril 24, 1984, 
J. S. Caldwell; I^awrence Co., April 29, 
J. S. Caldwell, 
clavipes Beamer 

*cooaaa Beamer, Hocking Co., July 14, 
1934, Mary Auten; Cedar Swamp, 
September 5, 1941. 
oofuArmata Beamer 

^aonaueta Beamer, Hocking Co., May 13, 
1934. D. M. Johnson; July 14, 1934, 
Mary Auten. 
eolitraela Beamer 
"torylorubra Knull 
dlBlta Beamer 
cnrta Beamer 

*Wimta Beamer, Hooking Co., June 1,1938. 
din Beamer 
danow Beamer 

•en McAtee, Pickaway Co., February 90, 
J. S. Caldwell. _ ^ ^ 

*ftcma Beamer, Pickaway Co., February 20, 
J. S. CaldweQ. 

*focfax Beamer, Pickaway Co., March 81. 
1984; Fabnia;^ 90, and Jackaon Co., 
April 1. J. S, Caldwell. 


gamins McAtee 
haztli (GiUette) 
hymac Robinson 
Ubnoienaia (Gillette) 
var. spectra McAtee 

^inmar Beamer, Port Clinton, May 4, 1934; 
Pickaway Co., February 20, J. S. 
Caldwell. 

^Incondita Beamer, Hocking Co., April 15, 
1934, J. S. C.: May 27. 1934, D. M. 
Johnson; Pickaway Co., March 31,1934, 
February 20, J. S. Caldwell; Hocking 
Co., May 6. 

^inepta Beamer, Hocking Co., March 27, 
1938, Mary Auten. 

*ingrata Beamer, Chesapeake, April 29, 
1934, J. S. Caldwell; Pickaway Co , 
February 20, J. S. Caldwell, 
kansana Baker 
knighti Beamer 
iawBoni Robinson 


*lenta Beamer, Hocking Co., May 5, 
April 1, 1938, and June 28. 
luna^ McAtee 
maculata (Gillette) 
manus Beamer 
marra Beamer 
minor Beamer 
mira Beamer 
miriflea Beamer 
mornni (DeLong) 

^nignTventer Beamer, Hocking Co., May 8, 
1937; Jackson Co., April 1, J. S. 
Caldwell. 

noncuapidia Beamer 
oabomi (DeLong) 

^pallida fCnull & Auten, Hocking Co., 
March 27, 1938, Mary Auten. 
paralleia McAtee 

*parva Beamer, Jackson Co., April 1, 1934, 
J. S. Caldwell. 

*parvipea Beamer, Pickaway Co., February 
20,J. S. Caldwril. 
paneaica Beamer 
propria Beamer 
pyra McAtee 

Veatricta Beamer, Pickaway Co., March 
31, 1934, J. S, Caldwell; Hocking Co., 
May 5, June 28. 
retuaa Beamer 
rotunda Beamer 

*rabranotata Beamer, (3oal Grove, April 24, 
1934, T. S. Caldwell, 
rubraza Robinson 
aancta Beamer 


separata Beamer 

^uinlfera Beamer, Hocking Co., May 5, 
June 1, 1938. 
tantilla Beamer 
torella Robinson 
tiiangulata Beamer 
trivittata Robinson 
tuslda Beamer 

^unonata Beamer, Hocking Co., June 28. 
nqtee Beamer 

ttaltefta IldiamAr 


Teeta Group 
Ugata McAtee 
toiaRobbaon 
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teetft McAtae 
Cornea Group 
adysMcAtee 
acnticapluila. Robinaon 
aittituto McAtee 

^ua RobiUflon, Cedar Swamp, April 24, 
1984, J. S. CaldwalU; Ddaware Co., 
August 20, 1943; Hancock Co., August 
7, 1989, Mary Autea. 
beameri Robinson 

^deita McAtee, Clifton, June 14, 1088; 
Hocking Co., June 6 and 19, 1988; 
Sdoto Co., June 10, 1944. 

Ustata McAtee 
var. etricta McAtee—(sifir var,) 
calycula McAtee— (tncincta var.) 
eaaoiAata McAtee 
o<m«/a(Say) 
eompta McAtee 
var. ntfomaculata McAtee 
conti Robtnson 

eyxabium McAtee— (trUincta var.) 
deUiUiU McAtee—(la«<a Rob.) 

var. aceepta McAtee—(rmpia McA.) 
diva McAtee—(Iririffrin var.) 
elegm McAtee 

*femva Beaxner, Knox Co., September 17, 
Mary Autai; Richland Co., October 6, 


Ma^ Auten; Sdoto Co., June 17, 1944. 
*£(aza Robinsom Coal Grove, April 89,1984^ 


T. S. Caldwcu; Sckito Co., June 17,1944. 
kmiecata (GiUette) 

Integra McAtee—(fTsdaria var.) 
kanwakae Robinaon 
*kett&edyi KnuU 

nondncta Johnaoo— <ro/yndii var.) 
nudata M^tee—(aBsnaala Johnson) 
omaaka Robinson 
ontaii Robinaon 
paUnmesta McAtee 
ponttfex McAtee^frraoiksyi Johnson) 
^prima Beaxner, Hoddxtf Co., August 16, 
1945. 

proeata Tohnacm— (i^fuscaia var.) 
reflecta McA.— (perlso Rob.) 
rubra (Giltette) 
rabrella McAtee 
tridacta Fitch 
vaga Johnson 
*Tanbtmda KnuU 
vlwex Pitch 
vitis (Harris) 
var. corona McAtee 


xtoac Walsh 

var. waiaht Beamer, Ashland Co., May 
8, Mary Auten. 



NOTES ON NYMPHS OP THE DRAGONFLY GENUS 
HELOCORDULIA NEEDHAM 


MIKE WRIGHT, 

Department of Biology, Tuacultim College, 

Oxeeneville, Tennessee 

The |[enus BehccrdiMa wae described by Needham (1901, page 495) to indude 
the speaes ukkH (Selys), recoxded from Ontario, Maine, Pennsylvania, and New 
Jersey, wd s^lysii (Hag^) from Georgia and North C^lina. HdocorduHa, on 
the bads of adult structure, bdongs to Williamson's (1908) Group 1 of the 
Cofdidinae, Walker (19^, pages 17-18) subdivides Williarrion's main group, 
affiliating HdocwrdmUa with Tetragoneuria and Eficorthdia in Subgroup A, wi& 
Soma^ockhra, Dorocordidia, and Cordtdia comprising Subgroup B. lliere are 
no several characters that will separate all of the nymphs of the CorduUnea from 
those of the lAbMuUnw, so the genera of the family LibMtdidae are keyed out 
together* Within the CorduUnaCt however, the nymphs may be grouped (as 
genera) in the following manner: 

GROUP 1. {Helocorduliaf Teiragoneuria, Epicordtdia) —Lateral spines of segment 9 reaching 
to tip of superior anal appendage or beyond; lateral spines of segment 8 not set at an angle 
to long axis of abdomen; dorsal hooks well developed, hooked and with a sharp apex; clefts 
of crenulations on distal margin of lateral lobe shallow or medium in depth, the lobes or 
teeth about as broad as long, always as broad or broader than depth of adjoining cleft. 
GROUP 2. ( Neurocordidiat Plaiycordidia) —Lateral spines of segment 9 as in Group 1; lateral 
spines of segment 8 set at an angle to long axis of the abdomen (not so obvious in JV. 
yamaskanensis as in iV. cbsokUa); dorsal hooks, especially on s^ments 6 to 9, knob-like with 
blunt rounded apex; clefts of crenulations on distal margin very deep, the lobes or teeth 
elongate, dorsal ones twice or more as long as bro4d. 

GROUP 8. (SomalQchlora, DtfrocorduUa, C^rdidia) —Lateral spines of segment 9 reaching to or 
proxitnal of middle of superior anal appendage (in majority of ^ecies hardly reaching to 
base of appendage); dor^ hooks (with exception of a few species of Somatochlora) low 
rudimentary or altogether absent. 

Genus Belocordnlia Needham 

The nymphs of this genus may be separated from all other members of the family LibeUuiid<u 
by the following characters: Clefts of crenulations on distal margin of lateral lobe shallow, one-half 
or less as deep as lobes or teeth are broad; lobes or teeth about as long as broad, or less. 

Large, cultiform dorsal books on abdominal s^ments 7 to 9; a small hook or indistinct mid- 
donal prominence on segment 6; hooks or any indications oompletdy absent from abdominal 
segments 1 to 5. Lateral spines on s^ments 8 and 9, those of segment 8 parallel, not at an 
angle, to long axis of abdomen; those of segment 9 reaching to or slightly beyond tips of superior 
aiud ai^mdage. Superior and lateral anal appendages subequal in length; anal appendages 
short and stubby, considerably shorter than mid-dorsal length of segments 8 and 9. Distal 
half of dorsal surges of mentum with no setae (as is characteristic of Epicordulia)^ 

KEY TO SPECIES OF HELICORDULIA NYMPHS 
Dorsal hook on abdominal segment 6 small, but definitely a spine-like structure with an 
acute apex (as seen from lateral view); lateral spines of segment 8 subequal to or slightly 

shorter than those of segment 9.......UUeri 

Mid-doraum ol segment 6 with a thickened area, a mere suggestion of a tubercle, not spine- 
like and sharp pointed; lateral spines of segment 8 about one-half those of segment 9, 

Selyrii 


337 




338 


UIKE WRIGHT 


Vol. XLVI 


HeloofvdtiUa uhleri (Sdys) 

In 1039 the writer recorded Hehcordulia selysU from Louiriana, baaed on two male nymphs 
collected in Bayou Lacombe at the State Pish Hatchery near MandevOle, La.» January 9, 
and a female nymph from the Tickfaw River at Greensburg, La., January 22, 193S. Although 
tbtee specimens did not agree in all respects with the description and figures by Kennedy (1924), 
they were labeled s€lysii because: 1) from known collections sdysU is a southern and uhUri a 
northern species; 2) the presence of 7 lateral setae stated by Needham (1929) as a distinguishing 
character (uhleri having 6); and 3) the indefinite description of the dorsal hook of segment 6, 
At a later date, we secured a fcmkle nymph from Halls Mill Creek, Mobile County, Alabama, 
February 12, 1938, and a female nymph from Robinson Creek, Hardin County, Tennessee, 
June 2, 1945. A study of these specimens and a review of the literature showed that the Alabama 
and Tennessee specimens as well as those from Louisiana belonged to uJUeru This correction 
should be made to the paper by Wright (1939, page 204). The Tennessee specimen represents 
the first record of uhlerit as well as the genus H^hcGrdttHa, from that State. 

Needham (1901) in his original description of ukkri states, ^'mental setae about 10 or 11, 
. . . lateral setae seven or six, when seven the basal one smaller than the others . . In 
the Handbook (1929, page 182), Needham gives 6 lateral setae as characteristic of uhleri and 7 
setae for sdym. Kennedy (1924, pages 2 and 3) shows 6 lateral setae and 13 mental setae for 
uhleri. All of our specimens had 7 lateral setae and 12-14 mental setae, composed of 8 or 9 
long lateral setae and 4 or 5 short medial setae. Needham (1901) describes the dorsal hook 
on segment rudimentary, a mere low pointed tubercle.'* This is a confusing statement as 
in uhleri the dorsal hook of segment 6 is a definite spine-like structure. In our specimens, it is 
heavily set with denticles so as to somewhat obscure its shape, but viewed laterally it is definitely 
spine-like, and not a tubercle. Cur specimens have the hook of segment 6 one-eighth or some¬ 
what less the size of that of segment 7, and the dorsal hooks of segments 7 to 9 from one-half 
to as long as the segment bearing them. Lateral spines of segments 8 and 9 subequal, those ci 
segment 9 reaching to or just beyond tips of superior appendage, but not to tips of inferiors. 
The nymph collected in Hardin County, Tennessee, was examined the same day found and 
showed the following interesting structural character: Ventral portion of distal margin of segment 
9 with a row of large spine-like teeth and a series of very long hairs projecting outward in a fan-like 
fashion. The hairs are 1.5 to 2 mm, in length and far surpass the tips of the anal appendages. 
When the nymph was cmersed in liquid, this structure was clearly visible. The hairs are easily 
destroyed after preservation of the nymph, but undoubtedly are typical of the species (and 
probably genus) as is indicated by remains of portions of the fan-shaped hair tuft in the specimens 
collected in 1938. In the Tennessee individual, a series of long hairs are present in some areas 
along the lateral margins of segment 9, but are missing in the greater part. All specimens 
examined by the writer have spine-like teeth on lateral margins of abdominal segments 2 to 9, 
increasing in sixe posteriorly; those on margins of segments 8 and 9 qtiite large and prominent, 
being 4 or 5 times the sixe of those on the proximal s^ments. 

The male appendage, overlying the superior anal appendage, is rectangular in shape, covering 
about four-fifths of the superior appendage; the distal margin is truncate with rounded lateral 
angles. 

Heloeordolle selyaii (Hagen) 

The nymphal stage of this species has been very adequately described and illustrated by 
Kennedy (1924). As we have no specimens of nlyeii available for study, the important diar- 
acters as discussed by Kennedy are ^ven below: 

Lateral setae 7; mental setae 13 or 14, composed ol 8 very long lateral and 5 or 6 short medial 
setae. Dorsal hooks of segments 7 to 9 similar to those of uUeri; hooks of s^ment 6 a mere 
suggestion of a tuberde which was not visible (in exuviae) until the encrusting mud had been 
scraped away. Lateral spines of segment 8 ahmt one-half tiie length of those of segment 9; 
spines of segment 9 more than one-half the length of segment 9, and teaching to tip of superior 
appendage. 

In a letter to the writer dated February 11, 1988, Dr, C. H. ICennedy states, in answer to 
questions concerning the HekKOfiMa itlysU nymfdi, have never fdt uncertam of my Identifica- 
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tion of my specimen and nymph taken at Raleigh. This specimen and fitan are deposited in the 
National Museum in Washington so I am not able to study them further. However, before 
Williamson died he told me he felt very sure that the thing which I called Helocordulia was 
one of the southern species of Telragoneuria, My memory is that he thought it was probably 
peiechiaHs” I have not examined Kennedy's specimens of selysH^ but, from the characters of the 
exuviae, it belongs without doubt to the genus Hdocerdulta, Our reasons for this statement 
are as follows: 1) its close similarity of the nymph of uhlerit found in New York by Needham 
(1901); 2) all of the known nymphs of Tetragoneuria and Epicordidia have dorsal hooks on seg¬ 
ments 2 to 9, the lateral spines of segment 9 are as long or longer than the segment and reach 
or exceed the tips of the inferior anal appendages; and 3) the separation of the exuviae described 
by Kennedy from all other genera of Cordulines by characters given in the discussion of the 
generic groups listed in the beginning of this article. It is of interest to note that Tetrag&muria 
peUchiaUs Muttkowski is very close to and often considered a variation of T. sieUa Williamson. 
The nymph of ptUckudis is unknown, but that of steUa has been described by supposition and is 
typical of Tetragoneuria in having a complete set of dorsal hooks and long lateral spines on 
segment 9. There are no other dragonfly nymphs in our faunal area having the combination of 
characters possessed by HdacorduHa uhleri and selysii. 
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A NEW SPECIES OP CYCLOCOELUM (A TREMATODE) PROM 
THE EASTERN SOLITARY SANDPIPER 

C. COURSON ZELIPP, 

Zoology Department, The Pennaylvania State College 

Four ^pecunens of the genus Cydocodum Braudes were found in the airsac of 
a solitary sandpuw, Tringa soiUaria solUaria^ by Walter Morrison at Lemont, at 
the foot of Mt. Nittany, near State College in 1930. Th^ were given to Assistant 
Professor Merrill Wocd^ an ornithologist, who presented them to the author for 
identification and study. 

The specimens were in exodlent condition for making permanent mounts. 
They were slightly flattened between microscopic slid^, and stained with 
Ddafield's hematoxylin. 

At least thirty species of Cydocodum with well differentiated characters have 
been described from birds, and are listed in the comparative tables of Bhalerao 
(1935) and Khan (1935). The species C. dumeitUae from the catbird (Zeliff, 1943), 
C, jaenscki (Johnson and Simpson, 1940) from the airsac of grebes, in Australia, 
and C. iuruHgi (Yamaguti, 1939) from Tringa may be added. Ten of the species 
mentioned are from the gentis Tringa. The specimens from the eastern solitary 
sandpiper do not check completely enough with those from the several species of 
Tringa nor other species of Cydocodum. They are herewith described as a new 
species. 

Cyd^jBoelttsa aittuiyeiise, n. sp. 

Specific diagnosis: Body oblong, anterior third tapering slightly, the posterior fourth 
rounding slightly, both lateral surfaces with gradual convergence throughout, 10 to 11 mm. in 
length by 2 to 3 nun. in width; cuticle undulating and rough; oral sucker 0,27 mm. in diameter, 
subterminal and indistinctly outlined; acetabulum or ventral sucker lacking; pharynx 0.22 mm. in 
width by 0.24 mm. in length; prepharynx very short; esophagus 0.30 to 0.52 mm. in width by 
0.82 mm. in length; intestinal ceca continuous in the posterior end, t 3 rpical for the genus; excre¬ 
tory bladder between posterior intestinal arc and body woU; testes circnilar in outHne, obUquely 
located, contiguous, 0,53 mm. to 0.90 mm. in diameter, approximat^y of equal size; vas deferens 
not observed; vasa eSerentia not observed; citrus sac terminating slightly behind anterior arc of 
intestinal bifurcation, 0,68 mm. in length by 0.21 mm. in width at seminal veside; seminal reside 
filling about two-thirds of cirrus sac; genl^ pore at posterior end of pharynx; ovary 0.16 nun. 
by 0.^ mm. in diameter, toward left lateral surface; seminal rec^)tade 0.21 nun. in diameter; 
Mehlis* gland 0.22 mm. in diameter; vitellaria extendix^ from slightly cephalic of cirrus sac to 
posterior margin of posterior intestinal arc; transverse vitelline ducts, between testes and 
posterior testis and ovary; ootype and oviduct not observed; Laurer's omal not observed; ova 
75 to 90/i by 105 to 150/t oval as viewed from above, but fiattened and crescentic or pan-ebaped 
from lateral view; receptaculum seminis uterinum present; uterine loops quite chevrou^l^ 
uterine wall not distinct in posterior portion. 

Host; Tringa soHtaria soHlaria. 

Location: Airsac. 

Locality: Lemont, Pa. 

Type specimen: 17. S. N. M. Helm. Coll. No. 86917 paratype also on same dide; two 
additio^ Spocknens in author's collection. 

Remarks: The new species from the eastern sditary sandpiper is related to a group proposed 
by Khan (1935), with the ovary anterior to the testes, and a group in a section of the key made 
by Harrah (1922) with equal testes, mot separated by uterine loops and with loops overiapping 
the ceca both dofsally and ventraUy. RelationshipB to C taxorehis (Johnson* 1917) of Austndia 
of the first group are notmlose enough to make aunparisons worth while, OtM of the four 
^ledmens has the testes reversed in position. 
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Explanation of Pigurer ventral view: 
CS—cirrus sac 

£B~excretory bladder 
Be-^sophants 
GP-’^genital pore 
IC—intestinal cecum 
M—mouth 
MO-^Mehlis* gland 
XJ-—uterus 
0-~^vaty 
OS—oral sucker 
Ph—pharynx 

t RSU^receptaclum seminis uterinum 
^ SR—seminal receptacle 
SV—seminal vesicle 
T—testis 

TVD—transverse vitelline duct 
Vit—vitellaria 


Big. 1. mUmymat, n. sp. 
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C. vfUsoni (Harrah, 1022} from Tringa (plotHs) wUsctd of N. America and C. triangulaHum 
(Harrah, 1922) from Tringa maclikUa of N. ^erica tx>tli have the testes at the same level rather 
than obliquely as the species from the eastern solitary sandpiper. The former alao has unequal 
testes, genital pore at the middle of the pharynx, a shorter cirrus sac and less variable sise of 
the eggs. The latter also has more constant sise of the eggs and is of smaller siM The foU 
lowing three species have the testes in a pontion similar to the new species herein descr&ed but 
have the stated, several, major differences and minor differences, as do the premus two species. 

Among the variations or differences of C. hidH (Harrah, 1922), from Tringa (Totanus) 
mdanoleuca, are the limitation of the vitdlaria laterally to the ceca, slse of eggs and location of 
the ovary toward the right lateral surface. The outstanding variationa of C. tringae (Brandes, 
1892) from Tringa ocropust are the sise, shorter cirrus sac, size of the eggs and unequal testes. 
In C, hrasilianum (Stossich, 1903), from Pkilomackus (Pasocetfa) pugnax^ Tringa {Totanus) 
Totanus mdandeuca^ and Tringa soidaria of S. America oM in the next species the 
measurements,of the bodies are the closest to this new species. The size of the eggs, shorter 
cirrus sac and the unequal testes ore noticeable variations for this species from the new one. 
In C. Ptobuiarium (Khan, 1985) from 7'ringa (Gkatis) nebularia from India these same variations 
occur. From Tringa erythropus of Japan, (Yamaguti, 1939) has described C. farurigti which is 
not closely related. This last species differs from the species herein described by its much greater 
length, greater dimenskms of the organs, location of the testes, and longer ova. 

The host of C. brasiiianum was given as Scolopax flaviccps and of C. tringae as Tringa 
variahiUs by Stossich which names have been subject to rearranging. Khan (1935) lists more 
hosts for C, brasiiianum than does its original describer, Stossich (1908). .^c western solitary 
sandpiper is now Tringa soiitaria dnnamonea (Wilson). 

According to Joyeux and Baer (1927) C. triangularum (Harrah, 1922) and C* wilsoni 
(Harrah, 1922) are synonyms ai C, taxorckis (Johnson, 1917). Likewise C. leidyi (Harrah, 1922) 
and C. problematicum (Stossich, 1902) is a synonym of C. obscurum (Leidy, 1887). Also, C. kalli 
(Harrah, 1922) is a synon}mi at C, brasiiianum (Stossich, 1902). This would obviate comparing 
the new species with some of the above, assuming that these synonyms are generally acceptable, 
Witenberg (1926) described Cyelocodum {Corpopyrum) kossacki from EvoUa (Tringa) alpina 
from Russia. Tliis was later placed by Joyeux ai^ Baer (1927) in Cyclocodunu The spedes 
herein described differs from this species quite distinctly in size of the organs, especially the 
testes, and in sizes of the eggs. They are not very different in measurements of bodies. Since 
the eggs of most worms are quite uniform in shape and constant in size, or range in size; eggs 
would be expected to be a fairly rdiable distinctive characteristic. Cyclocothum nitianyense n. sp. 
does not match very closely any of the fourteen species listed by Joyeux and Baer (1927) in 
their table. 
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